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The year 1981 is a year of great change and opportunity here at ham radio. We start off by welcom¬ 
ing as new readers the many thousands of subscribers to ham radio's former sister magazine. Ham 
Radio Horizons. These readers will be receiving ham radio each month on an issue-for-issue basis for 
the balance of their subscriptions (and, we hope, for many years after that). If you are one of our 
loyal supporters who took both magazines, then your ham radio subscription will be extended on the 
same issue-for-issue basis. 

What are our plans for the combined magazine? Alf Wilson, W6NIF, our editor, will be explaining 
on page 6 in greater detail, but basically we intend to devote a major segment of each issue to keep¬ 
ing ham radio the pre-eminent technical publication in the Amateur field. At the same time, we plan 
to offer an interesting variety of new features derived from successful ideas that first appeared in 
Ham Radio Horizons — plus a few that are new to both publications. All of this material will be 
carefully chosen to make ham radio the most interesting and useful Amateur Radio magazine, both 
for the technically involved reader and the active but less technically oriented Amateur. 

It all adds up to a big challenge for Alf and his staff, but he is well geared up for this project and I'm 
sure you're going to be seeing some of the best issues of ham radio that we've ever put out. Your 
comments will be of great value to us during this period of change. Don't hesitate to let us know your 
likes and dislikes, and also any other suggestions you may have. 

Many folks have been wondering why we stopped HRH, at a time when it was getting better and 
better with each issue and was showing such great promise. It wasn't an easy decision to make, 
especially in view of the fact that our readership kept growing stronger every month after our redirec¬ 
tion of the magazine early last year. Our weakness was in the advertising column. As the newest of 
the major Amateur monthlies. Horizons never really got its share of the Amateur Radio advertising 
action. A new advertising sales team, which took over here last summer and had great luck in making 
ham radio grow, could not — despite their extensive efforts — keep the outlook for Horizons from 
deteriorating. 

The answer soon became obvious. With the combination of our two magazines, ham radio now 
has the largest circulation of any of the independent Amateur magazines, and our new economics of 
operation allow us to give the advertiser a value unmatched anywhere else. 

Everyone should benefit, because a strong magazine means a better magazine. Suddenly 
everyone here in the ham radio organization can double his efforts toward our one magazine. 

This issue represents just the beginning of our new direction. It will take a few issues to really get 
the new format in place. We have a lot of good ideas, and by the time spring rolls around you'll be 
seeing the most interesting and best balanced magazine that has ever been offered to the Radio 
Amateur. 

Skip Tenney, W1NLB 
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Observation 
| & Opinion 



As the new editor of ham radio, I've seen a number of changes occur in this organization. Some of 
these changes reflect difficult choices and decisions, but all of them have been made with the con¬ 
tinued welfare of ham radio and its readers in mind. 

The structure of the Ham Radio Publishing Group has changed. One of the best Amateur maga¬ 
zines in the world. Ham Radio Horizons, has been discontinued. The decision to drop Horizons was 
made with great reluctance. However, business is business, and Horizons just didn't pull its weight in 
advertising revenue, although the magazine flourished in the Amateur community. It provided many 
newcomers with down-to-earth information on operating techniques, easy-to-build construction 
projects, and an opportunity to get the feel of what Amateur Radio is all about. 

ham radio, on the other hand, provides advanced Amateurs with the latest state-of-the-art devel¬ 
opments in technology. It will continue to do so. So we have a dilemma: How do we keep Horizons 
readers interested in our product without turning off the old guard ham radio reader? It's a real 
challenge — one that is rare in the technical-publications business. 

Our decision has been to expand ham radio, still retaining the best in communications technology 
but also including material for readers who have enjoyed Ham Radio Horizons. 

In this issue you'll find two features that were standbys in Horizons : Bill Orr's "Ham Radio Tech¬ 
niques" and "DX Forecaster." The latter is a two-page summary of what's happening for the month 
in the DX world, including a propagation chart based on scientific observations. Bill Orr's column, 
which explores Amateur Radio from top to bottom, will be welcomed by every active Amateur, old 
and new. 

Also in this issue are some subtle changes in magazine graphics. Our graphics designer. Bill 
Scarborough, has instituted some interesting methods of portraying the editorial material so that it's 
easier to read and much more pleasing to the eye. We think you'll like it. 

Here's a brief description of the other new features you'll find in future issues of the new ham 
radio. "Questions and Answers" was extremely popular in Ham Radio Horizons. We plan to continue 
this feature. We also plan to include our "Owner's Survey," which is compiled from reader 
responses to questions about popular pieces of ham gear. This is probably one of the most unbiased 
reviews ever published in an Amateur Radio magazine. It's the kind of report that will never be 
prepared by a laboratory or in a manufacturer's test facility — it tells it like it is: no holds barred. 

The DXer is very much a part of Amateur Radio. This fellow is unique. He will do just about 
anything to work a new country. In Ham Radio Horizons, Bob Locher, W9KNI, wrote on the trials 
and tribulations of the DX operator in his series, "DXer’s Diary." Bob's easy-going literary style was 
much appreciated by Horizons readers. In a future issue of ham radio, we’ll publish another of Bob's 
articles on DXing. We'd like to hear from readers as to how they like this feature. If the response is 
positive, we'll continue "DXer's Diary"; if not, we'll drop it. Let us know what you think. It's your 
magazine. We'll do our best to publish articles that appeal to the most readers. 

We're trying to provide the best balance of articles ever published in an Amateur Radio magazine. 
Let us know your desires and needs. We welcome all suggestions. 

Alf Wilson, W6NIF 
Editor 
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HAM RADIO HORIZONS ceased publication with the December, 1980, issue. Though Ham 
Radio Horizons had succeeded in building a loyal and ever-increasing following of Ama- 
teur Radio readers, it had not achieved sufficient popularity with advertisers to put 
it into a very solid financial position. That, coupled with Horizons' pulling of some 
ad revenue from its parent publication. Ham Radio . and the current spottiness of the 
Amateur Radio marketplace, led to the decision to concentrate both editorial and market¬ 
ing efforts of the staff on the older, more successful and better known magazine. 

Ham Radio Horizons Subscribers will receive Ham Radio on an issue for issue basis; 
the 25 per cent or so who now receive both publications will have their Ham Radio sub¬ 
scriptions extended proportionally. Adding the unduplicated Horizons subscribers to 
Ham Radio will increase that magazine's subscriber list to more than 75,000. As a re- 
sult, Ham Radio advertisers will, for the moment, be getting the best bargain in the 



iHz for expansion. After discussing the discrepancy with Ai 
(and a storm of protests from 220 users) , the FCC did issi 
s then and certainly is now some suspicion that inclusion t 
in the FCC's proposal was more a trial balloon than an er: 
Is Well Aware of this new threat, and is planning a determ: 
till another threat is brought out in the December, 1980, : 

in an article on cordless phones which says that manufacti 
or new frequencies in either the 27 or 220-225 MHz band! 


A PROBE INTO AMATEUR LICENSING IMPROPRIETIES dating back to 1976, when the August 15 
issue of the Indianapolis Star ran a long article headlined "FBI PROBES HAM RADIO SCAN¬ 
DAL," is finally coming to a head. In a November 6 release, the Private Radio Bureau 
Chief ordered 13 Amateurs, 10 of them from Indianapolis or vicinity, to show cause why 
their station licenses should not be revoked, and suspended their operators licenses. 
Another, whose license is up for renewal, is under review. 

All Of The 14 Are Alleged to have "fraudulently obtained or attempted to obtain new 
or upgraded Amateur licenses without examination" or "actively participated to fraudu¬ 
lently obtain or attempt to obtain new or upgraded Amateur licenses without examination' 
by the Commission in PR Dockets 80-668 through 80-682. 












modular linear amplifier 


for the high-frequency 
Amateur bands 

Genesis of an 
8877 amplifier — 
an example of Amateur 
craftsmanship 


Many articles have been published on linear- 
amplifier construction. The reason is that an rf linear 
amplifier is one relatively simple, technical project the 
average Amateur can build that can rival the best 
commercial units on the market. The amplifier des¬ 
cribed here was inspired by the excellent series on 
amplifier design by Bill Orr, W6SAI, 1 combined with 
my desire to try some new ideas. The results of the 
project are illustrated and discussed below. 

The amplifier was built for a friend, Steve, K8EJ, 
who wanted a "clean" amplifier built around the 
Eimac 8877 ceramic metal triode. Steve supplied all 


financial backing in return for a design that provided 
excellent performance and maintenance as well as 
reliability. These objectives have been met. I hope 
that the results of this project will encourage others. 

preliminary building tips 

After designing and building several different am¬ 
plifiers, I've come to some basic conclusions and rec¬ 
ommendations which I feel are worth consideration. 
First of all, build the amplifier right the first time! If 
you compromise anywhere, you'll not be happy with 
the product in the long run. Granted, it will cost more 
money and take more time and effort, but you'll be 
more gratified with the final results. For example, 
buy a commercial cabinet. Spend $35.00 each for 
nice meters with lighting kits. Buy a good, heavy fila¬ 
ment transformer and quality pushbutton switches. 
Use Teflon wire and plenty of cable ties to bundle the 
cable harnesses. 

Most important, plan your design. This is extreme¬ 
ly important. (I spent time on this project drawing cir¬ 
cuits, laying out the front panel, rear panel, and 
chassis.) Build the amplifier in your mind before you 
drill the first hole. Also, modularize the design and 
test as many of the modules as possible as they're 
constructed. Take the time to learn how the unit 
wo-ks. Study the technical details, and enjoy the 
project as a creation to be proud of, developed by 
your own nands. 


By Jerry Pittenger, K8RA, 2165 Sumac Loop 
South, Columbus, Ohio 43229 
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circuit design 

This amplifier (fig. 1A) is designed around the 
popular Eimac 8877 high-mu power triode. The 8877 
was selected for its low drive requirements (that is, 
50 watts drive for 2 kW PEP), its compactness, and 
the clean operating characteristics* exhibited by the 
tube. 



•Refer lo Eimac Bulletin 3950, which is the technical data sheet for the 8877 
(3CX1500A7). 


The amplifier uses a tuned input, which is ganged 
to the main band switch, and an effective ALC circuit 
(fig. IB) to prevent overdriving the tube. The ALC 
level is adjustable from the front panel. Drive condi¬ 
tions can also be monitored by a pair of LEDs located 
on the front panel lower left corner. One LED is green 
and begins to flash with approxiately 50 mA of grid 
current. The other LED, red, begins to flash at 
approximately 150 mA grid current; thus, the LEDs 
provide a convenient way to monitor instantaneous 
grid current, which cannot be accomplished with 
metering circuits because of the slow response of 
meter movements. 



Lead filtering. All leads entering and 
leaving the amplifier rf deck are filtered 
using a pi-section network. Leads in¬ 
clude 110 Vac coming to the amplifier, 
and 110 Vac returning to the power sup¬ 
ply; a high-voltage metering line, a 13- 
lead, and a chassis ground lead. 


The amplifier also has a very effective grid-trip cir¬ 
cuit, which snaps the amplifier out of the transmit 
line should the grid current exceed 200 mA. This fea¬ 
ture protects the tube if the antenna is disconnected 
or if the tube should flash over for any reason. The 
grid trip circuit is reset for normal operation by push¬ 
ing the GRID TRIP RESET button on the lower front 
panel. 

The amplifier uses a vacuum relay on the output 
because of its quiet operating characteristics, com¬ 
pactness, and power-handling capability. Also, vacu¬ 
um variable capacitors are used for both tune and 
loading controls in a pi-L output matching network. 

Included also is a built-in rf wattmeter and a time- 
delay circuit, which keeps the blower on for about 
two minutes after the amplifier is turned off to ensure 
cooling. 

The amplifier shown in the photos was built in a 
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fig. 2. Modular component layout. 


modularized fashion. Fig. 2 shows the location of 
each module below and above the amplifier chassis. 
The major modules are discussed. 

amplifier control circuit 

The control circuit (fig. 3) provides the power con¬ 
trol for operation of the amplifier. Ac power is received 
from the^mplifier power supply in this design. Actu¬ 
ating the POWER ON button on the front panel turns 
on the blower, the tube filaments, and initiates a 
three-minute warm-up sequence for the 8877. Time 
delay is accomplished using an Amperite time delay 
tube, which provides a reliable timing circuit. The 
Amperite delay tube has a normally open set of con- 



msausm 

M °' rt 


Amplifier top view. All metering circuits 
are isolated from the rf section using a 
subpanei. The subpanel is used to mount 
the bandswitch and the two vacuum 
variables. 


tacts, which close after the designed period of time 
after 110 Vac has been applied to the delay-tube coil. 
The POWER ON button also activates the 26 Vdc reg¬ 
ulated power supply to light the meters and POWER 
ON front panel push button. Note that the amplifier 
can't be keyed up until the required warm up time 
has elapsed (S2B). When three minutes have 
elapsed, the READY LED, located at the bottom cen¬ 
ter on the amplifier front panel, lights. The HIGH 
VOLTAGE front-panel pushbutton can then be 
pressed, which results in 110 Vac applied to the 
power supply to actuate the step start relays, which 
turns on the high voltage. Note that activating the 
HIGH VOLTAGE switch before the READY light comes 
on results in no action. 

The 26-Vdc power supply uses an LM317 voltage 
regulator chip, which is readily available. A regulated 
supply was used to avoid having the pilot lights and 
meter lights dim when the amplifier is keyed up. 

input network 

The amplifier input network is designed for a Q= 1 
and is enclosed in a self-contained shielded module. 
The design departs somewhat from conventional de¬ 
signs in that toroids are used instead of slug-tuned 
coils. Initially, there had been concern that the ferrite 
cores would saturate at the given drive powers, but 
this proved not to be a problem. I've used this same 
module in two other amplifiers with great success. 
The advantages are obvious. The toroids are com¬ 
pact and can be suspended right into the network 
bandswitch for easy mounting. 

The rf enters and leaves the input network through 
BNC connectors. Since the nominal input impedance 
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of the 8877 is approximately 60 ohms, the module 
can be tested separately by connecting it in series 
with a 50-ohm dummy load. Initially, I used plenty of 
inductance on each core, then removed one turn at a 
time to obtain a flat SWR across each band with the 
fixed micas used. The input network is connected to 
the main bandswitch using a bead chain sprocket.* 
grid-trip circuit 

The grid-trip circuit automatically causes the am¬ 
plifier to drop out of the rf line when the grid current 
reaches a specific level. It's a great feature and oper¬ 
ates as follows. 

Grid current is drawn through the 12-ohm, 2-watt 
resistor, R1, developing a voltage drop across the re¬ 
sistor, which turns on transistor switch Q1 (fig. 1). 
The amount of grid current drawn through R1 to turn 
on Q1 is determined by the voltage divider created by 
trim pot R2, When Q1 turns on, current is drawn 
through the grid-trip relay coil, RY1, which actuates 
the relay. Three sets of relay contact on RY1 are 
used. One set sends 26 Vdc to the pilot light on the 
GRID TRIP RESET normally closed momentary switch 
located on the front panel, which indicates that the 
grid trip has been actuated. A second set of contacts 
(normally closed) break the VOX line, resulting in am¬ 
plifier standby mode. The third set of contacts pro¬ 
vide a path to ground for RY1, so it remains closed. 
The GRID TRIP RESET switch deactivates RY1, which 
puts the amplifier back into the ready mode. Of 
course, you should check loading conditions to 

•Available from Small Paris, Inc., 6901 N.E. Third Avenue, Miami, Florida 
33128. Ask for their catalog. They have a wealth of hard-to-find parts avail¬ 
able in small quantities. 


determine the problem that resulted in the excessive 
grid current. 

peak LED grid 
current indicators 

The peak grid current indicators operate on the 
same principle as the grid trip reset circuit discussed 
previously. The voltage generated across R1 turns on 
transistors 02 and Q3, which operates the red and 
green LEDs respectively. Voltage dividers R3 and R4 
provide a way to adjust the grid current levels at 
which the LEDs turn on. I recommend that the LEDs 
be turned on at approximately 150 mA (red) and 50 
mA (green) respectively. In proper operation, the 
drive power should be controlled using the ALC ad¬ 
justment to allow the green LED to just start flashing 
on voice peaks. Any flashing of the red LED indicates 
either excessive drive power or improper loading- 
control adjustment in the pi-L circuit. 

lead filtering 

All control cables between the amplifier rf deck 
and the power supply are filtered before entering or 
leaving the rf deck. This will minimize any rf leakage, 
which might cause RFI. The filters are mounted on a 
separate module and use a pi-network section. Make 
the leads from each pi section as short as possible to 
the rear-panel connector. 

operating bias circuit 

Operating bias is generated using a high-power 
2N3055 NPN transistor (Q4) which, with the 1-watt 
zener, acts as a high-power zener (see fig. 1). This 
circuit includes readily available components and 
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provides an easy way to adjust the bias voltage mere¬ 
ly by changing the 1-watt zener between the collec¬ 
tor and base of Q4. The bias should be adjusted to 
give approximately 180 mA idle current for the plate 
voltage used. 

blower delay circuit 

When the amplifier is turned off, the blower re¬ 
mains on for about two minutes. This is accom¬ 
plished with an Amperite three-minute time delay 
relay (TD1). The Amperite time delay operates by 
heating a resistive coil, which acts as a filament, to 
heat a thin strip of metal, causing it to bend, thus 
closing two relay contacts. I found that the three- 
minute Amperite unit required about two minutes to 
cool after the power had been removed to the point 
that the relay contacts open. This delay keeps the 
blower on after the amplifier is turned off. Note that 
SIB turns on the blower immediately with the fil¬ 
aments. 

in/out relay sequencing 

When keyed up, the amplifier closes both an input 
open-frame relay and an output vacuum relay. The 
relays must be sequenced to ensure that the output 
vacuum relay is closed before any drive power reach¬ 
ing the tube. Should the output relay close second, 
the amplifier would be placed in operation for a short 
period without a proper 50-ohm load. This condition 
could be harmful to the 8877 tube. Fig. 4 illustrates 
the timing circuit that accomplishes proper relay 
sequencing. Capacitor Cl determines the length of 
delay on the input relay. Usually the delay can be 
detected by your ear. 



Amplifier rear view. The holes in the rear 
panel are for air intake to the blower. The 
10-pin Cinch Jones connector is for the 
control cable running to the high-voltage 
power supply. Rf input is through the 
BNC connector, and the rf output is 
through the type N connector. The high- 
voltage connector is a Millen 37001. The 
phono plug provides ALC to the exciter. 
The two-pin Cinch Jones connector is 
the VOX line to control keying up the 
amplifier in transmit mode. 



pi-L matching network 

The pi-L network was selected because of its im¬ 
proved harmonic attenuation characteristics over a 
regular pi-network. The inductance values depend 
on the tube plate impedance, which is based on the 
operating conditions of the tube and the selected 
network Q. The plate impedance is determined by: 

Vp 

(1.6)(Ip) (1) 

where / = plate impedance (ohms) 

Vp = plate voltage (volts) 

Ip = plate current (amperes) 

Given the plate impedance, I, component values in 
the pi-L network are available for a Q of 12 from 
tables published in the literature. 2 

I recommend that the L coil be shielded from the pi 
coil for most efficient operation. Therefore, a toroid 
coil was used for the L section in this amplifier. A to¬ 
roid has the inherent advantage of being self-shield¬ 
ing. The toroid L coil also has the advantages of 
compactness. The pi-coil is wound from 1/4-inch 
(6.4 mm) diameter soft copper tubing that has been 
silver plated.* 

Taps on the coils always seem to be a troublesome 
detail for many builders. A way I've found to be suc¬ 
cessful in determining tank-circuit inductance is this: 

1. Mount the coils into the amplifier but disconnect 
the tube end of the coil network and the plate and 
load vacuum-tuning capacitors. 

2. Obtain a high-tolerance mica capacitor (selected 
for its low-inductance properties). Connect one lead 
to the tube-end of the network. With a very short 
piece of wire, connect the other lead to the coil turn 
at which the inductance is to be determined. 


•Custom-made coils may be obtained at nominal charge. Send a SASE for 
details to the author. 
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3. Use a grid dip meter to determine network reso¬ 
nant frequency. 

4. Determine the coil-tap inductance from: 


10 * 

where L = inductance (/tH) 

/ = frequency (kilohertz) 
C = capacitance (pF) 


( 2 ) 


5. Set taps according to inductance values for the 
circuit Q selected (Q= 12 is recommended). 

Remember that these data provide approximate in¬ 
ductance values, since the leads to the bandswitch 
will also affect inductance. I've found that slightly 
less inductance from the values determined by the 
procedure above should be used for lOand 15meters. 


cooling 

I have only one recommendation concerning am¬ 
plifier cooling, and that is use plenty of itl Excessive 
heat will destroy a vacuum tube in short order. Refer 
to Bill Orr's comments 1 for a discussion of a repre¬ 
sentative air-cooling system for the 8877 tube. 

Note the air duct in the photo that directs the air 
out of the top of the cabinet. The air flow is ducted to 
avoid the blower from short circuiting the hot air into 
the blower intake. The air duct is made from a 1/8- 
inch (3-mm) Neoprene sheet. The Neoprene sheet 
was first wrapped around the tube and held in place 
with a large cable tie. The seam was then stitched 
with a large needle and thread. I made a slit at the 
bottom of the neoprene tube to allow the plate strap 



8877 socket assembly. The tube socket is a Johnson 
248 submounted 1/2 inch (12.7 mm) below the chas¬ 
sis. Grid clips were made from a stiff copper stock 
and were silver plated. (An Eimac socket assembly, 
SK-2210, can be purchased directly from Eimac.) 
The Eimac Technical Data Sheet for the SK-2200 and 
SK-2210 air system gives detailed mounting infor¬ 
mation. If only the grid clips are needed, order 
Eimac part 149-842. 



to exit. The blower air intake is through the back 
panel. 

meters 

The meters in this amplifier are 1.5-ampere for 
plate current and 200 microampere for the multi¬ 
meter. A microammeter was selected for the multi¬ 
meter because of sensitivity requirements of the 
built-in rf wattmeter. The plate-current meter was 
used as purchased. However, the 200 /iA multimeter 
required work relabeling the scale. The 0-200 /iA 
scale was used for grid current. All other lettering 
was made with dry transfers available from most 
electronic suppliers. Note that any labeling that 
comes on a meter scale can usually be removed with 
a pencil eraser and a little determination. The addi¬ 
tional scale for rf power was added to the meter 
using a set of dry transfers contained in a kit.* 
rf wattmeter 

The rf wattmeter (fig. 5) is taken directly from the 
Drake L4B. Any of the popular wattmeter designs 
will work well. An rf wattmeter was selected over a 
relative output meter to eliminate the sensitivity con¬ 
trol, which must be adjusted at different frequencies, 
concluding remarks 

Results from using this amplifier have been gratify¬ 
ing. The amplifier loafs at 1 kW dc input. It should 
give many years of trouble-free service. The project 
has resulted in a piece of equipment that is of better 
quality than most commercial amplifiers on the mar¬ 
ket and can be built at a competitive price. 

reference 

1. William I. Orr. W6SAI, "Design Considerations for Linear Amplifiers," 
bam radio. June, 1979, page 12. 

2. Irvin M. Hoff. W6FFC, "Pi Network Design for High-Frequency Power 

ham radio 


-DATAK Corporation. 65 71st Street. Guttenberg, New Jersey 07092. 
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elliptic lowpass filters 


for 

transistor amplifiers 

Advances in 
computer-aided filter design 
provide increased exactness 
and number of designs 
for Amateur use 

The typical solid-state rf amplifier usually re¬ 
quires lowpass filtering to attenuate harmonics to an 
acceptable level. A selection of eleven Chebyshev 
lowpass filters was recently published for the 160-10- 
meter Amateur bands, but because of the relatively 
gradual rise in attenuation, the second harmonic was 
attenuated only 27-40 dB.1 For those desiring greater 
attenuation at the second-harmonic frequency, the 
elliptic filter may be preferred, because its two reso¬ 
nant circuits can be tuned very closely to the second 
and third harmonics of the transmitter fundamental 


output frequency. This technique was first used in 
1967 in the design and construction of a 10-meter 
harmonic TVI filter. 2 

background 

In his March, 1974, ham radio article, G. Kent 
Shubert, WA0JYK, improved on the harmonic filter¬ 
ing application and presented six elliptic designs of 
seven elements, which required only standard-value 
capacitors. 3 Shubert designed one filter for each 
band using the well-known and frequently refer¬ 
enced elliptic tables of Saal and Zverev. 4 - 3 Because 
the normalized filter design data in these references 
was available only for the commonly published 
eleven values of reflection coefficient, Shubert was 
restricted in his design selections. To minimize the 
effect of this restriction, the exactness of the designs 
was compromised slightly to make all the capacitor 
values come out as standard values, thus simplifying 
filter construction. 

Recently it has become possible to calculate the 
component values of elliptic filters for any desired re¬ 
flection coefficient using a small computer such as 
the Radio Shack TRS-80. 6 Thus it's no longer neces¬ 
sary to restrict the elliptic designs to only the pub¬ 
lished normalized data. Because of this advancement 
in computer programming, it's now possible to make 


By Ed Wetherhold, W3NQN, Honeywell, 
Defense Electronics Division, Signal Analysis 
Center, Box 391, Annapolis, Maryland 21404 
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significant improvements on Shubert's designs. This 
article demonstrates how these advancements in 
computer-aided filter design can be used to increase 
both the exactness and number of elliptic lowpass fil¬ 
ter Resigns for Amateur Radio applications. 

filter designs 

Table 1 lists thirty-one 50-ohm elliptic lowpass fil¬ 
ter designs that have the unusual feature in which 
the three shunt capacitors (Cl, C3 and C5) are all of 
the standard 5 per cent value. These designs were 
especially selected for transmitter output filtering in 
the six Amateur radio-frequency bands of 160 
through 10 meters. Only those designs having reflec¬ 
tion coefficients less than 13 per cent (VSWR = 1.3 
and Ap = 0.074 dB) were selected to minimize the 
maximum VSWR and to make the designs less sensi¬ 
tive to component-value variation. Fig. 1 shows the 
filter schematic diagram; fig. 2 shows the attenua¬ 
tion response. 

The first four columns of table 1 list the filter de¬ 
sign identification number and the frequencies (in 
MHz) at the Ap, 3-dB and A ^ attenuation levels. The 
significance of the frequency/attenuation para¬ 
meters is illustrated in fig. 2. Column five lists the 
minimum value of the stopband attenuation, A s , in 
dB. The remaining columns list the reflection coeffi¬ 
cient, component values, and the F2 and F4 frequen¬ 
cies of maximum attenuation. The column headings 
of the capacitor and inductor listings are associated 
with the similarly labeled components in fig. 1. 

In Shubert's designs, the values of C2 and C4 (ca¬ 
pacitors that resonate the inductors to F2 and F4) 
were given standard values. In table 1, however, the 
values of C2 and C4 are listed exactly as calculated 
and no attempt has been made to force these two 
values to be standard. 

Standard values for these two capacitors are un¬ 
necessary, because these two circuits should be indi¬ 
vidually tuned to the exact design frequency either 
by using trimmer capacitors or by slightly varying the 
inductor turns. For convenience in construction, the 
standard value closest to the listed C2and C4 capaci¬ 
tor values may be used if the inductor is adjusted to 
tune the circuit to the listed frequency. If this is done, 
the resulting attenuation will differ only slightly from 
the exact design value. 

For example, in filter design 4, if the nonstandard 
C4 value (375 pF) is replaced by either standard 
values of 360 pF or 390 pF, and if L4 is adjusted to 
resonate at 4.04 MHz, the new attenuation response 
between 2-4MHzwill differ by only ±0.5dB, respec¬ 
tively from the exact design response. 

A similar procedure may be used for C2 and L2. 
This characteristic of the elliptic filter demonstrates 


the importance of accurately tuning the resonant cir¬ 
cuits to the listed frequencies. In comparison, the ex¬ 
act values of C and L of the resonant circuit are less 
important. This tuning may be made with a cali¬ 
brated grid-dip meter. 

computer-calculated designs 

The computer-calculated filter designs of table 1 
have several advantages over the manually calcu¬ 
lated designs. 3 The main advantage in using a com¬ 
puter to perform the design calculations is that sever¬ 
al designs can be easily obtained for each band, so 
that one can choose a design that may be optimum 
for a particular application; or perhaps some capaci¬ 
tor values will be more convenient to obtain than 
others. The minimum stopband attenuation, A s , will 
usually be higher in the computer-designed filters 
than in those manually calculated. For example, five 
of Shubert's designs 3 have A s values of 41 dB or less. 
In comparison, the computer-designed filters have A s 
values between 47-63 dB. The computer-designed 
filters have a maximum passband ripple amplitude, 
Ap, of 0.074 dB, which corresponds to a maximum 
VSWR of 1.3. In comparison, all of Shubert's designs 
had Ap values of 0.1 dB or more, implying higher 
VSWRs. 

To demonstrate the application of the tabulated 
data in constructing an actual filter, design 18 was 
assembled and its insertion loss was measured with a 
spectrum analyzer. Fig. 3 shows the assembled filter 
with the inductor specifications. A plot of the inser¬ 
tion loss is shown in fig. 4. 



fig. 3. Photograph and inductor specifications of filter 
constructed from design 18 IF A = 14.9 MHz). 
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The plotted response shows that the circuit of 
L4C4 was accurately tuned to the design frequency 
of 28.1 MHz, but the L2C2 circuit resonance was 
slightly in error. The effect of this mistuning was not 
significant (onlya2-dB lower-than-normal level of A, 
at 33 MHz), so no attempt was made to adjust the 
circuit to the correct frequency. This design was in¬ 
tended for a 20-meter filter application, and the at¬ 
tenuation at the second and third harmonics is 
greater than 50 and 60 dB respectively. The Micro¬ 
metals T44-10 toroidal cores were on hand, and to 
expedite construction they were used; if the filter is 
to be used in filtering transmitter outputs greater 
than a few watts, however, the larger T80 cores used 
by Shubert are recommended. 

construction notes 

The filter was assembled in a 1.578 by 3.5 by 1.547 
inch (40 by 89 by 39 mm) Hudson tinned steel box 12 
(HU-6570-1.547ST). The center partition and the 
Button®-mica capacitor (C = 330 pF ) are recom¬ 
mended if maximum stopband attenuation is re¬ 
quired above 50 MHz. If the filter cutoff frequency is 
less than about 10 MHz, the center partition probably 
can be omitted. The capacitor voltage ratings should 
be 500 V or greater, and the capacitors can be either 
polystyrene or mica. See references 7, 8, and 9 for in¬ 
formation regarding the winding and application of 
toroidal inductors. References 10 and 11 give two 
distributors of the Micrometal cores. 

Those familiar with modern filter design can con¬ 
firm the correctness of the designs in table 1 by us¬ 
ing one of the published normalized designs of Saal 


or Zverev to calculate independently the component 
values of filter design 16. This is possible only be¬ 
cause design 16 has a reflection coefficient of 8.03 
per cent, which is almost identical with the 8 per cent 
standard published value. Also, the A s value for 
design 16 is 61.7 dB, which is practically identical to 
the published value of 61.6 dB. Therefore, if the pub¬ 
lished normalized data for an elliptic design of C0508, 
6=23 (see page 78 of Saal's book! is used, an inde¬ 
pendent calculation using the F-Ap cutoff frequen¬ 
cy of design 16 (8.28 MHz) should give the same 
component values listed in table 1. 

The published normalized values of Saal for Cl, 
C3, and C5 for A s = 61.6 dB and for an 8 per cent re¬ 
flection coefficient are: 0.8574 F, 1.612 F, and 0.7790 
F. Capacitor scaling factor, C s = l/(Rw) = 
l/(30‘2v8.28»10*) = 384.4»10-u. Calculating the 
filter component values for Cl, 3, and 5: Cl = C s 
(0.8374) = 330 pF, C3 = C s (1.612) = 620 pF, and 
C3 = C s (0.7790) = 300 pF. 

These independently calculated values are identi¬ 
cal to the computer-calculated values, and the validity 
of the computer program used to generate table 1 is 
therefore confirmed. In a similar way, the other com¬ 
ponent values of design 16 may be confirmed. 

I gratefully acknowledge the assistance of the fol¬ 
lowing: Philip Geffe of Lynch Communications Sys¬ 
tems for providing the computer program needed to 
calculate the elliptic normalized values, Roosevelt 
Townsend of Honeywell for his assistance in modify¬ 
ing the computer program to generate table 1, 
Charles Miller of Honeywell for his assistance in plot¬ 
ting the filter insertion loss, and Joseph Gutowski of 
EWC and Rex Cox of Honeywell for their review of 
the manuscript. 
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; p ; | A neutrino interaction observed in a bubble chamber. 
The neutrino eitters invisibly from the left and upon strik- 
_ ing the nucleus of a neon atom (arrow) generates many 
charged particles which leave visible tracks as they 
move to thfc right. 



neutrino 

communications 


A discussion 
of the use 
of neutrinos 

for interstellar communications 
and the search 
for extraterrestrial 
intelligence 


Though no interstellar communication is going to 
be quick, it is obviously better to send messages that 
travel at the highest possible velocity, all other things 
being equal. This usually leads to the conclusion that 
we should communicate with radio or other electro¬ 
magnetic waves, but one nuclear particle — the neu¬ 
trino — travels at the speed of light, and the possibili¬ 
ties of using neutrinos as the vehicle for interstellar 
communication should be carefully explored. 

It turns out that neutrinos have many advantages 
for this purpose, along with their major difficulties, 
and we think that investigation of neutrino communi¬ 
cations should not be ignored. We note that we are 
here exploring possibilities whose realization would 
be in the distant future; nonetheless, since most 
other communicating civilizations would be far more 
advanced than our own, it is an interesting exercise 


By Jay M. Pasachoff and Marc L. Kutner 



to examine alternative means by which interstellar 
communication may have evolved. 

Though neutrinos are very difficult to detect, the 
scientific benefits of studying the neutrinos that 
emanate from stellar interiors or supernovae have 
made it worthwhile. Continued improvements in the 
sensitivity of neutrino detection devices can be 
expected. 

advantages of 
neutrino communications 

Much discussion of the Search for Extra-Terrestrial 
Intelligence (SETI) has been taken up with finding a 
suitable frequency for radio communications. Inter¬ 
esting arguments have been advanced for a wave¬ 
length of 21 centimeters, the water hole, and other 
wavelengths. It is hard to reason satisfactorily on this 
subject; only the detection of a signal will tell us 
whether or not we are right. Neutrino detection 
schemes, on the other hand, are broadband; that is, 
the apparatus is sensitive to neutrinos over a wide 
energy range. The fact that neutrinos pass through 
the earth would also bean advantage, because detec¬ 
tors would be omnidirectional. Thus, the whole sky 
can be covered by a single detector. It is perhaps 
reasonable to search for messages from extraterres¬ 
trial civilizations by looking for the neutrinos they are 
transmitting, and then switch to electromagnetic 
means for further conversations. 

Though the means of detecting neutrinos are now 
relatively insensitive, we must remember that we are 
in the dawn of the age of neutrino detection. It is 
only 23 years since the first antineutrinos were 
detected; on the other hand it is almost a hundred 
years since the detection of radio waves, and our 
sensitivity to them has increased manyfold. We can 
expect that.in the next decades we will be better able 
to detect neutrinos from space, both those arising 
naturally from astronomical phenomena and those 
carrying messages from extraterrestrial civilizations. 
It may well be that neutrinos are considered by extra¬ 
terrestrial civilizations to be a more advanced method 
of communications than radio waves. 

Neutrino beams are currently generated on earth 
by proton beams impinging on targets in large accel¬ 
erators. Proton beams are highly directional, and 
neutrino beams are also highly directional. The pres¬ 
ent neutrino beams generated at the Fermi National 
Accelerator Laboratory (Fermilab) in Batavia, Illinois, 
has a beamwidth as narrow as one-tenth of a degree. 
The beams are so narrow because of the way they 
are formed. As the incident proton beams become 
stronger in energy, the resulting neutrino beams 
become even more directional. 

The doubling in energy expected within two years 


at Fermilab, to be matched by the accelerator at the 
European Center for Nuclear Research (CERN), near 
Geneva, Switzerland, will lead to a neutrino beam 
about one-twentieth of a degree in width. This is 
twice as sharp as the beam of the Arecibo radio tele¬ 
scope when used at 21 centimeters. At the distance 
of the star Tau Ceti (12 light years), the neutrino 
beam will be broad enough* to irradiate all the 
planets of a system like our solar system. Since we 
have no idea where any planets might be, we would 



The tunnel that composes the "Main Ring" at Fermilab. 
The proton beam travels in an evacuated tube (inside 
square housing) around the 6 kilometer circumference 
ring 50,000 times per second being constrained to stay in 
the pipe by over one thousand magnats. On each revolu¬ 
tion the beam Is given a 3 million electron-volt "kick" 
from a radio transmitter boosting the proton beam 
energy to 200 billion electron volts or higher. Pipes carry 
cooling water to the electromagnet coils located at Inter¬ 
vals along the square housing. 


have to cover roughly this scale to be sure we are not 
missing planets, not to mention the difficulties in the 
high precision tracking that would be necessary. 

neutrinos 

In the early 1930s, Wolfgang Pauli suggested that 
a new nuclear particle might exist to explain the 


‘Beamwidth 600 astronomical units (AU); the earth’s orbit is two AU in 
diameter and Pluto's is about 80 AU. 
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apparent lack of conservation of energy and spin in 
beta decay, a radioactive process that involves the 
emission of an electron (a beta particle). Soon Enrico 
Fermi worked out a theory for the new particle, 
which he called neutrino, Italian for "little neutral one 
(since the particle has no charge and to distinguish it 
from the neutron, which had recently been discov¬ 
ered). The neutrino is a particle with no charge but 
with a certain energy and a certain spin; it travels at 
the speed of light, and to do so, it must have no rest 
mass. 




fig. 1. In the Deep Underwater Muon and Neutrino 
Detection system the light flash and accoustlc "ping" 
resulting from a neutrino interaction with the nucleus of 
an atom would be picked up by optical sensors and 
hydrophones (underwater microphones) deployed on 
the bottom of the ocean. 


Neutrinos are the most elusive atomic particles of 
which we know. They have a very low probability of 
interacting with any other matter. On the average, in 
fact, neutrinos can penetate four light years of lead 
before being stopped, Rather than try to detect indi¬ 
vidual neutrinos, we normally resort to capturing a 
tiny fraction of a huge number of neutrinos. In this 
way, Frederick Reines and Clyde L. Cowan, Jr., de¬ 
tected anf/neutrinos in 1956 in the flood of particles 
coming from the Savannah River reactor. The exis¬ 
tence of antineutrinos shows that neutrinos too must 
exist. 

The disadvantage that neutrinos interact so weakly 
with matter is also an advantage, because this prop¬ 
erty allows neutrinos to escape from the center of a 
star. The nuclear fusion cycles that fuel our sun lead 
to the emission of neutrinos of relatively low energy. 
These neutrinos come straight out of the solar core, 
reaching the radius of the earth's orbit in 8 minutes. 


thus providing us with our only direct link to the solar 
core. 

Raymond Davis, Jr., of the Brookhaven National 
Laboratory, has set up a 400,000-liter tank of per- 
chloroethylene (a type of cleaning fluid, C2CI4) to 
capture solar neutrinos. His tank is located deep 
underground in a gold mine at Lead, South Dakota, 
where it is shielded by earth and rock from other par¬ 
ticles that would cause reactions in his material. He is 
now detecting 1.8 (±0.4) Solar Neutrino Units 
(SNUs)* of neutrinos. This amounts to about one 
interaction every six days. 

Davis's results are lower by a factor of almost three 
than the best current predictions of the solar neutrino 
outflow, but within about twice the error (standard 
deviation) in the theoretical predictions, which give 
4.7 (± 1.4) SNU. Gallium is more sensitive to lower- 
energy neutrinos than chlorine, and Davis is planning 
an experiment using gallium; a Soviet group is also 
planning a gallium experiment. 

Still higher-energy neutrinos should be emitted in 
supernova explosions. Such neutrinos might be de¬ 
tected by an apparatus being considered in Project 
DUMAND (Deep Underwater Muon and Neutrino 
Detection). One plan involves setting up acoustic or 
optical detectors over an area of several square kilo¬ 
meters on the floor of the Pacific Ocean near Hawaii 
to detect the Cerenkov radiation emitted when neu¬ 
trinos interact with nucleons in the water. (Cerenkov 
radiation is emitted when a particle enters a medium 
traveling faster than the speed of light in that 
medium and is somewhat analogous to a sonic 
boom.) 

A Very Big Accelerator (VBA) is under discussion 
as a possible international project on a large scale. 
This accelerator would generate a proton beam of 10 
times higher energy than the new Fermilab and CERN 
beams. If directed at our solar system from Tau Ceti, 
this beam would encompass the planets out to 
Neptune. 

neutrino generator 
and detection 

Presently the proton beam generated at Fermilab 
in the 2 kilometer-diameter ring has energies of 400 
billion electron volts. Neutrinos are produced in 
pulses of 10 billion per pulse with pulses occurring 
every eight seconds. The proton beam impinges on a 
target, resulting in muons, particles of mass inter¬ 
mediate between electrons and protons. The muons 
travel in a forward direction and their decay products 
include neutrinos. This forward beam travels through 
a "filter" of 1 kilometer of earth, which excludes all 


*One SNU corresponds to 10 “^captures per chlorine atom per day, or one 
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fig. 2. A neutrino "communications system." A guidance system to steer the beam is not shown but prob¬ 
ably would employ magnetic deflection of the proton beam. 


the particles except neutrinos. To detect the neu¬ 
trinos, a bubble chamber or an apparatus containing 
approximately 1000 tons of steel is used. Even that 
much steel produces only about 1 interaction per 
pulse. A person can (and often does! stand in the 
neutrino beam without any effect on either the per¬ 
son or the beam. 

As the proton beam is brought to higher energies, 
the number of protons per pulse goes up proportion¬ 
ally to the energy. Thus the particle flow (or flux) at a 
given distance from the ring goes up with two factors 
of energy from the increase in the number of protons 
and, thus, neutrinos per pulse. This means that the 
particle flux goes up with the cube of the energy. For 
a given neutrino beam, the number of interactions in 
the target is also roughly proportional to the energy. 
Thus for a one-trillion-electron-volt proton beam, we 
have calculated that about 50 trillion, trillion kilo¬ 
grams (5x 10 25 kilograms or ten times the mass of 
the earth) of material would have to be located at the 
distance of Tau Ceti to obtain one interaction per day 
with a neutrino from earth. This is about the rate of 
Davis's solar neutrino experiment. We are currently 
comparing prospective fluxes with the natural 
neutrino background. 

With the technology we expect to have within a 
few years, we would need ten times the mass of the 
earth as detector material. However, we must 


remember that the neutrino pulses are on only about 
0.00025 per cent of the time. If this percentage can 
be raised to even one per cent, and the proton beam 
energy can be brought up by another factor of 10, 
then the detector mass required is less than one mil¬ 
lionth the mass of the earth to detect one neutrino 
event per day. This is equivalent to a cubic volume of 
100 kilometers on a side, not too different from the 
scale of detectors being proposed for Project 
DUMAND. 

We must also allow for further technological devel¬ 
opment. Already a detection scheme has been sug¬ 
gested that detects muons simultaneously with the 
Cerenkov radiation. Detecting muons can be achieved 
by a smaller apparatus. Even though a large detector 
mass may be required for interaction, the active part 
(or electronic equipment) involved could be much 
smaller. 

Some investigation of neutrino communications 
has been underway for sending a neutrino signal 
through the earth to nuclear submarines on the other 
side of the earth, but this will require the reduction of 
the detection apparatus from a cube 100 kilometers 
on a side to the size of a submarine. 

present data 

Though solar neutrino schemes involve much 
lower energies than Project DUMAND methods, solar 
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neutrinos represent our longest string of data on 
interstellar neutrinos. We have examined the Davis 
records for any sign of obvious messages, and have 
found none. It seems reasonable that any civilization 
that chooses to generate strong neutrino beams and 
point them at a given star would also calculate the 
appropriate number of neutrinos that inhabitants 
associated with the star would need to detect the 
incoming signal. Davis's data involve runs of a month 
or a few months, with interactions occurring once 
per day. There is no reason to believe that a neutrino 
signal need be any shorter in duration than months, 
nor indeed to be even that short. It seems worthwhile 
to continue collecting data on a regular basis to have 
long enough data runs to properly search for an 
extraterrestrial signal. 

conclusions 

Current plans for neutrino generation, coupled 
with prospective abilities for neutrino detection, are 
beginning to make feasible neutrino messages we 
might send to be detected at the distances of nearby 
stars. Though neutrino beams are expensive to gen¬ 
erate, this disadvantage may be outweighed by such 
advantages as very narrow focusing of the transmit¬ 
ted neutrino beam, and the ability to receive simul¬ 
taneously from the whole sky over a broad range of 
neutrino energies. 

On earth, neutrino communications have lagged 
radio communications by about 100 years, during 
which time our ability to send and receive radio sig¬ 
nals has increased dramatically. We can hope for 
similar improvements in neutrino communications in 
the next decades. 

Technologically, the transmission of strong modu¬ 
lated neutrino signals would be a sure sign of an ad¬ 
vanced civilization, and we should be looking for 
such a signal. Since our transmission of a neutrino 
signal would involve finding a way of making the 
neutrino beam track the stars to a high degree of 
accuracy, the transmission of neutrino signals from 
earth seems farther in the future. 

It may be that neutrino communications is best 
suited for finding another civilization, after which dia¬ 
logue could be carried out by electromagnetic 
means. In any case, if our reasoning of the advan¬ 
tages of neutrino communications is correct, then 
much of the information now crisscrossing the gal¬ 
axy could be in this mode. 

glossary 

A particle with a mass between that of an electron and a proton. It has a 
negative charge and a mean lifetime of 2.2 x 10'* 6 second. 

Neutrino: 

Either of two massless, electrically neutral, stable particles. One is named 
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pulse-position control 
of the 

CDE Tailtwister rotor 


Many Amateurs worry or become frustrated when 
they put up a large antenna array and then notice 
how unevenly the system moves when turned by one 
of the commercially available rotors. Large moments 
of inertia build up in long-boom hf Yagis or large 
multi-antenna vhf arrays used in EME communica¬ 
tions. These antennas must be rotated at a slower 
rate than that which most commercial rotors provide. 
To relieve this frustration, a method is described for 
incremental pulse-position modulation of a Cornell- 
Dubilier Tailtwister rotor. 

background 

I became aware of the large moments of inertia 
that build up in an antenna system when I began the 
design of my 160-element collinear array for 144 MHz 
EME (or moonbounce, as others call it). This array 
has a 33-foot (10-meter) boom of 3-inch (7.6-cm) OD 
aluminum tubing that supports four 24-foot (7.3- 
meter) secondary booms of 1-1/4 inch (3.2 cm) alu¬ 
minum tubing. Eight Cushcraft DX-120 collinear an¬ 
tennas are mounted on the secondary booms. The 
antenna array, excluding the elevation mount, 
weighs about 125 pounds (56.7 kg). 

I could picture in my mind (as well as on paper) the 
jerking and twisting that would occur if this array 
were rotated by a conventional rotor. I'd planned to 
use a CDE Tailtwister. 

Other complications arise when one wants only to 
move the array a few degrees in azimuth. A 1-degree 
change for an array with a 33-foot (10-meter) boom is 
only about 3.6 inches (9 cm) of arc movement at the 
end of the boom. The rotor doesn't need to be acti¬ 
vated very long to give this change. Also, every time 
you push a control switch, the rotor tries to turn the 
array at full speed: quite an acceleration for a long- 
boom, large-mass array. We must also allow for ar¬ 
ray coastdown before releasing the brake switch, 
which complicates matters further. 

theory 

Could I add speed control to the motor used in the 
Tailtwister rotor? This question turned out to be easi¬ 
er asked than answered, as the motor is an induction 
type. It starts to lose torque quickly if its applied volt¬ 
age is reduced. This problem rules out the use of Var- 
iacs and typical triac motor speed controls. After 


much meditation, I decided to take a different ap¬ 
proach. Why not try to pulse-position modulate the 
rotor motor? I reasoned that if I could pulse the 
motor with full voltage, I could make it turn only a 
few revolutions and have practically full torque avail¬ 
able. The rotor gearing would reduce these revolu¬ 
tions to a small incremental step in actual rotor posi¬ 
tion. Two major benefits arise: 

1. The small incremental steps can be only parts of a 
degree, so that positioning the antenna to a particu¬ 
lar azimuth setting would be no problem at all. 

2. The slow motion of the long boom never allows 
any appreciable velocity buildup, so no moment-of- 
inertia problem occurs. 

Now all I had to do was develop some hardware to 
do what all these words are saying, which turned out 
to be the least difficult part of this project. The pulse- 
control unit, as I call it, is surprisingly simple. A block 
diagram of the result is shown in fig. 1. 

Basically two items were needed. The first was an 
electronic switch that could be opened and closed 
for small periods of time to apply power to the rotor 
motor. The motor would have full voltage applied to 
it during each pulse. Second, a pulse generator was 
needed to send constant-width pulses at a variable 
rate to the electronic switch. By adjusting the pulse 
width, I could vary the number of revolutions that the 
motor would turn for a given load, thus varying the 
incremental movement of the rotor. Also, the pulse 
rate could be adjusted to vary the number of incre¬ 
mental steps that occurred each second or, in other 
words, vary the rotor speed. 

the circuit 

The schematic of the pulse-control unit, integrated 
with the circuit of a CDE Tailtwister rotor, appears in 
fig. 2. All control-unit parts are numbered starting 
with X20 so they won't be confused with those that 
are part of the Tailtwister rotor. 

Power supply. Parts CR20, C20, C21, and VR20 


By Watson R. Gabriel. Jr., WB4EXW, 5936 
Timberwood Trail, Kernersville, North Carolina 
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Close-up of the pulsa-control unit showing parts place¬ 
ment. Unit is mounted on the underside of the Tail- 
twister control box chassis above the power trans¬ 
former, as shown. Note that VR20 leans slightly to 
clear the bottom cover when installed. 


define a regulated 12 Vdc power supply for the PCU. 
Resistor R20 decreases the 26 Vac from the rotor 
power transformer somewhat, so that the rectified 
input voltage to VR20 will be below its 35-volt maxi¬ 
mum. Do npt omit R20. You may notice that the ac 
input leads to the power supply section seem to be 
hooked up backward. The lead from R20 (PWR) con¬ 
nects to terminal 1 of the eight-terminal output con¬ 
nector of the rotor control box. It is grounded to the 
chassis. The pulser unit common lead is connected 
to terminal 2. These power leads must be wired in 
this manner to provide proper phasing to the elec¬ 
tronic switch. 

Pulse-rate generator. The pulse rate generator is 
made from IC20, an NE-555 timer wired as an astable 
multivibrator. Resistors R21, R22, and capacitor C22 
determine the frequency of oscillation of IC20. R21 is 
a 1-meg pot, which can be a panel-mount type for 
varying the pulse rate. Or it could be a trimpot 
mounted on the PC wiring board for those who like 
set-it-and-forget-it controls. The minimum pulse rate 
was set to about 0.5 Hz. 


It's possible to allow IC20 output to provide the 
control signal to the electronic switch. But if you in¬ 
vestigate the inner workings of an NE-555 used in the 
astable mode, you'll find that the duty cycle also var¬ 
ies as the frequency of oscillation is changed. I 
wanted constant-width pulses applied to the elec¬ 
tronic switch, so that the incremental movement of 
the rotor could be controlled. Thus, IC21, another 
NE-555, was added as a monostable multivibrator. 

Each time IC20 output (pin 3) goes low, it triggers 
IC21. IC21 output (pin 3) then goes high and turns on 
the electronic switch. IC21 pin 3 stays high for a peri¬ 
od determined by R23 and C23. The output pulse 
width is determined by. 

T = 1.1 RC (1) 

where T = Output pulse width (seconds) 

R = R23 resistance (ohms) 

C = C23 capacitance (farads) 

Realize that the tolerances of C23 and R23 may make 
eq. 1 seem invalid; actually, the formula is quite 
accurate. 

Pulse-width calculations. The pulse width in my 
unit is about 24 milliseconds. The 0.1-jtF cap I used 
for C23 supposedly had a tolerance of ± 10 per cent. 
Using eq. 1,1 should be using a 200k resistor for R23. 
However, I ended up with a 68k to obtain the 24-milli¬ 
second pulse width. (The capacitor was way out of 
tolerance or incorrectly labeled.) Rough measure¬ 
ments indicate that this pulse width gives an incre¬ 
mental rotor travel of about 0.1 degree for my anten¬ 
na system. By varying the R23 value, you can change 
the pulse width to suit your needs. 

Electronic switch. The last part of the pulse control 



Overall view of the PCU and regulator module installed 
in the control box. The smaller board next to the PCU is 
the regulator module. Also shown is the external rate- 
adjustment pot mounted on the rear panel. Azimuth- 
indicating meter in this control box has been modified to 
a digital readout for improved accuracy. 
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unit to be described is the electronic switch. A triac, 
Q20, gave simple, full-wave ac control to the rotor 
motor. Output pin 3 of IC21 going high will turn on 
the triac. The triac will pass current to the motor so 
long as it has gate drive. When gate drive is re¬ 
moved, the triac will turn off the next time that the ac 
current through it passes through zero. The suppres¬ 
sion network, made up of R25 and C25, which is 
across the main terminals of the triac, was added to 
prevent triac false triggering. In some cases, where a 
triac is used to control an inductive load, there's 
enough phase difference between the voltage and 
current waveforms to cause the triac to retrigger 
when the gate drive is removed. Later I found that 
the suppression network was not needed in this ap¬ 
plication, but I left it in the circuit as a precaution. 

I also found that I didn't need additional circuitry to 
make the triac switch at the zero points of the ac 
voltage waveform. No radio frequency interference 
has been noted. 

printed wiring board 

A full-size layout of a printed wiring board for the 
pulse control unit is shown in fig. 3. It's designed to 
mount on two 8-32 by 1/2-inch (M4 by 12.5 mm) 
threaded spacers that are screwed down onto the ex¬ 
isting mounting bolts for the power transformer in 
the Tailtwister control box (see photo). Solder pads 
are provided for external connections. Don't forget 
to install the three jumpers on the printed wiring 
board. 

The two NE-555 timers mount in one 16-pin 1C 
socket. Both are oriented in the same direction as 
shown in the parts layout (fig.4). The heatsink used 
for the triac is a Thermalloy 6107B. A similar heatsink 
can be made from a piece of scrap aluminum. If a 
substitute is made for the 2N6071 triac, be sure that it 
has the same pinout and triggering characteristics. 

Notice that the voltage regulator must be tilted 
somewhat to clear the bottom cover of the rotor con¬ 
trol box. It does not require a heatsink. Resistors R22 
and R25 mount vertically. C22 is a small dipped tan¬ 
talum capacitor, and C23 should be a Mylar capacitor 
for stability. 

The pulse-rate generator control pot can be a 
printed wiring board type such as a CTS X201 or can 
be a panel-mount pot as shown in the photo. If an 
external pot is used, wire it so that clockwise rotation 
of the shaft decreases the total resistance. Then the 
pulse frequency and rotor speed will increase with 
clockwise rotation. 

installation 

Only five wires must be soldered to the printed wir¬ 
ing board (three if you mount R21 on the board) for 



january 1981 SB 33 




external connections. Solder two wires, preferably 
color-coded, to the pads marked PWR and COM. 
Make sure the wires are long enough to reach to the 
rotor control box eight-terminal connector block. Sol¬ 
der another wire, that will reach to the CW and CCW 
control switches, to the pad marked OUT. The last 
two wires are for the external pulse-rate adjust pot; 
their length depends on where the pot is mounted. 

Before permanently mounting the pulse-control 
unit, you must make two minor wiring changes in the 
Tailtwister control box. You must first remove the 
existing wire that connects terminal 2 of the eight- 
terminal connector block to the common terminals of 
the CW |S4) and CCW (S5) control switches. Leave 
the jumper that connects the common terminals of 
S4 and S5 together in place, 

Next unsolder the wire from terminal 2 of the con¬ 
nector whose opposite end is soldered to point 1 of 
the Meter/LED printed wiring board. Connect the end 
of this wire that was on terminal 2 to the common 
terminal of either S4 or S5. This wiring change 
avoids a triac gating problem due to the LED indicator 
circuitry. The LEDs will still be functional but in a 
slightly different manner, as discussed later. 

Mount the printed wiring board on its spacers over 
the power transformer. Solder the PWR wire to ter¬ 
minal 1 and the COM wire to terminal 2 of the eight- 
terminal block. Connect the OUT wire to the com¬ 
mon terminal of either the S4 or S5 control switch. 
The last two wires connect to the pulse-rate adjust 
potentiometer. This completes the hookup of the 
unit. 

checkout 

Check all wiring against fig. 2 and the instructions 
in the previous section to uncover any possible wir¬ 
ing errors. Next, set the rotor-control box on its side 
so you have access to both pulse-control unit and 
eight-terminal connector. Set the pulse-rate adjust 
pot to mid position. 

Turn on the control-box power switch. This should 
cause the meter to indicate existing rotor position 
and become illuminated. Connect the common probe 
of an ac voltmeter to terminal 1 of the eight-terminal 
connector, and connect the input probe to terminal 
2. Press the BRAKE RELEASE switch on the control 
box. This should cause the brake to release; about 26 
Vac will be indicated on the voltmeter. The green 
LED that normally indicates brake release should 
light, but it should flash on and off. (It will flash at the 
pulse rate set by R21.) The brake solenoid now is re¬ 
ceiving full power, but the LED flashes so you can set 
the desired pulse rate before applying pulsed power 
to the rotor motor. Vary the pulse rate adjust pot to 
see that the LED flashes from about 0.5 Hz to full on. 


If this checks out, proceed to the next step. 

Leave the common voltmeter probe connected to 
terminal 1 and connect the input probe to terminal 6. 
Press the BRAKE RELEASE switch, then press the 
CCW control switch. Pulsed 26-Vac should show on 
the meter (the voltmeter will not actually indicate 26 
Vac because of the short pulses). Both green brake 
and red CCW LED indicators should flash with the 26- 
Vac pulses. Your antenna should rotate counter¬ 
clockwise at a much slower rate than before. 

Next, remove the probe from terminal 6 and con¬ 
nect it to terminal 5. Press the BRAKE RELEASE 
switch again, then press the CW control switch. Pulsed 
26-Vac should show on the voltmeter; the brake and 
CW LEDs should flash, and your antenna should 
slowly rotate clockwise. 

If you have problems, recheck all wiring and use 
the schematic and circuit-board description as a trou¬ 
bleshooting guide. When checking the operation of 
the pulse-control unit, be sure to use terminal 2 and 
the common point for voltage measurements. Also 
note that the pulse-control unit receives no power 
unless the BRAKE RELEASE switch is operated. 

This modification is made to a CDE Tailtwister 
rotor, but is also applicable to HAM-type rotors. In 
fact, I initially checked out the pulse-control unit in 
my HAM-2 rotor. All wiring changes in the rotor-con¬ 
trol box are the same except for the LED indicator 
wire change. Since a HAM-2 or -3 has no LED indi¬ 
cators, this change doesn't have to be made. 

position circuit modification 

You've probably noticed the small circuit board 
mounted next to the pulse-control unit (photo). It is a 
13-Vdc regulator module that replaces the zener di¬ 
ode and current-limit resistor on the Tailtwister print¬ 
ed wiring board. This circuit offers a more stable reg¬ 
ulated source for the azimuth indication circuitry. 
The schematic (fig. 5) uses a simple 8-volt, 3-termi¬ 
nal regulator. The 500-ohm trimpot allows the output 
to be adjusted to 13 volts. The filtered dc supply is 
about 30 volts and is close to the maximum input 
voltage rating of the 7808 regulator, so a 150-ohm, 
1/2-watt resistor was added to reduce the regulator 
input voltage. An added benefit is reduced power 
dissipation. Mine was built on a small piece of perf 
board, mounted on a standoff in an existing hole in 
the control-box chassis. 

To wire the regulator module, first remove R1, the 
390-ohm, 2-watt resistor, and VR1, the 13-volt zener 
from the rotor printed wiring board. Don't use much 
heat, as the traces on the printed wiring board are 
fragile. Next, connect the module IN terminal to the 
pad left by R1 that connects to the positive lead of 
Cl. Connect the OUT terminal to the pad left by R1 
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that connected to VR1 cathode. Solder the COM ter¬ 
minal to the pad that previously contained the VR1 
anode lead. Turn the control box on, and adjust the 
trimpot for 13 volts across terminals 3 and 7 of the 
connector block. 

conclusion 

This modification to the Tailtwister rotor system 
has made controlling my large EME array a dream. 
Variable speed control, from 360 degrees per minute 
down to much less than one degree per second, al¬ 
lows turning torque and positioning overshoot to be 
minimized. The system would now lend itself well to 
microprocessor control; thus, this modification 
should also be of interest to Amateur satellite users. 

My rotor-control box has also been incorporated 
into a digital readout similar to that described by 
K1DG. 1 Positioning accuracy has been increased, as 
errors of 5 degrees or more existed in the indication 
circuitry alone in my control box before the digital in¬ 
dicator was added. Now my position accuracy seems 
to be limited mainly by a) the potentiometer linearity, 
and b) the accuracy to which I can set the antenna to 
a calibrated point. 

reference 

1. Doug Grant, K1DG, "Digital Readout for the HAM-3 Rotator, ham radio, 
January, 1979, pages 56-59. 
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During the last CW contest, did you wish you had 
a memory keyer to send the contest exchange and 
give you more time for log and dupe-sheet entry? Did 
you wish you could automatically transmit the proper 
QSO number and generate any contest exchange? 
The microcomputer-based contest keyer may be the 
answer. This fully iambic keyer has ten programma¬ 
ble messages, a four-digit QSO counter, and the flexi¬ 
bility to transmit almost any contest exchange. An 
added feature is the display of the current code 
speed setting. 

Several years ago I used tape-recorded tones to 
drive a relay and key my transmitter during a CW 
sweepstakes. Since this first attempt at automation, 

I built several memory keyers, 1 a TTL CW QSO num¬ 
ber generator, and an 8080 microprocessor keyer 
that required three circuit boards. Because of the de¬ 
creasing cost of microcomputer chips, I thought the 
time had arrived to design a state-of-the-art contest 
keyer. 

Several operational objectives were set for the de¬ 
sign. First, it should be an iambic keyer having dot 
and dash memory plus the optional forced-letter 
space of the popular WB4VVF Accu-Keyer. 2 For sim¬ 
ple programming, the user should be able to load 
messages directly in code from the keyer paddle. 
Next, there should be several options such as auto¬ 
matic QSO number and RST generation. Last and 
most important, the keyer should be simple and 
natural to use but be flexible enough for any contest 
exchange. The result is the microcomputer keyer 
presented here. 

circuit description 

Keyer construction is shown in the lead photo and 
fig. 1. Instead of a large keyboard, I selected a sim¬ 
ple, twelve-button keypad for control. A potentiom¬ 
eter is included to adjust code speed and a four-digit 
LED display is included for QSO number and other 
alpha-numeric keyer messages. Simplicity results 
from using an Intel 8748 programmable microcom¬ 
puter. The advantage of such a device is the ability to 
perform complex tasks with minimum circuitry. Soft- 


contest keyer 

ware may be reprogrammed for other features or op¬ 
tions. The following sections describe the design, 
discuss operation, and outline software routines for 
the keyer functions. 

The keyer circuit, fig. 2, requires only seven inte¬ 
grated circuits and six transistors. The 8748 micro¬ 
computer, U1, contains 1024 bytes of electrically 
programmable read-only memory (EPROM), 64 bytes 
of random access memory (RAM), a programmable 
counter, and three 8-bit input/output ports. Since a 
complete description of the 8748 was recently pub¬ 
lished, it will not be repeated here. Readers should 
review the article by N6TY 3 and the Intel MCS-48 
Microcomputer Users Manual A 

The 8748 has limited RAM for this design. U2, an 
Intel 8155, is used to expand the message buffer 
area. The 8155 contains 256 bytes of RAM, three in¬ 
put/output ports, and a 14-bit counter; only the RAM 
section is used. While this may seem a waste of inter¬ 
nal functions, the 8155 will directly interface with the 
8748's multiplexed data and address lines, DBO to 
DB7. Additional interface circuitry is not required, 
saving at least two additional chips and considerable 
wiring. 

U3is an Intel 8279 programmable keyboard/display 
interface.* This versatile device can drive up to 
thirty-two multiplexed 4-bit display digits and simul¬ 
taneously decode a 64-button keyboard. This design 
uses the interface to drive four 7-segment LED dis¬ 
plays for alpha-numeric messages to the user. It also 
scans the 12-button keypad, decoding the key and 
signalling Ill's IRQ (Interrupt Request) input with a 
logic 1. An internal first-in, first-out (FIFO) buffer 
stores up to eight keypresses; the user can "type 
ahead" without losing inputs. 

Display multiplexing of the common-anode 7-seg¬ 
ment display reduces the number of interconnect 
wires from 32 to 11. Anodes are switched by Q3 to 
Q6 from U6 inverting SLO to SL3 from U3. Scan out- 


*U2, U3 functions are programmed by commands from U1; ihe EPROM 
within U1 contains the actual program for the entire keyer. 


By Andrew B. White, K9CW, 31 Quebec 
Road, Marlboro, New Jersey 07746 
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fig. 1. The keyer electronics are contained on one single- 
sided printed circuit board. 


puts SLO to SL3 are also used for the switch rows in 
the keypad. Segment driving is accomplished by AO 
to A2, BO to B3 from U3 through U7. Scanning is in¬ 
visible to the user. 

Keypad switch columns are connected to RLO, 
RL2, RL4, and RL6 of U3 for key decoding. U3 pro¬ 
vides debouncing and key rollover detection internal¬ 
ly. The keypad may be a conventional telephone type 
with separate switch contacts. 

command and control 

U1, U2, and U3 are all connected to the same 8-bit 
data/address bus, DBO to DB7, and the same Read 
(RD) and Write (WR) control lines. Data input or out¬ 
put for the microcomputer will be enabled by a logic 
0 on either U1-36 (chip select for U3) or U1-37 (chip 
select for K2). U1-35isthe Control/Data (C/D) input 
for U3; Control mode (logic 1) is for display scanning, 
Data mode (logic 0) reads the keypad and loads the 
display. 

The keyboard/display interface requires a clock in¬ 
put for display multiplexing and other timing opera¬ 
tions. This is supplied by UVs Address Latch Enable 
(ALE) and is equal to the crystal frequency divide by 
15. This signal eliminates a separate display oscilla¬ 
tor. It should also be noted that U1 contains an inter¬ 
nal clock oscillator circuit, requiring only an external 
crystal. 

Dual timer U4 functions as both code-speed oscil¬ 
lator and sidetone generator. The code-speed sec¬ 
tion, U4A, is enabled by a logic 0 on U1-34. The 
same enable signal energizes clock indicator CR1 to 
indicate that the code clock is on. Code speed out¬ 
put, U4-5, is connected to Ul's internal 8-bit coun¬ 
ter. The microcomputer will set the length of one dot 


as 100 code speed pulses during CW operations. 
U4A oscillates at 100 times dot rate and is set by R1; 
speed range may be altered from the keypad. 

Transmitter keying occurs when U1-33 is logic 0 
(U5-10 at logic 1). The Q1, Q2 circuit is used with 
grid-block keying on my transmitter. Key-up voltage 
at the TX line is about - 30 Vdc. Key-down voltage is 
close to ground. Other keying methods will require 
changing the Q1, Q2 circuit. 

The microcomputer interrogates the key dot and 
dash paddle switches through I/O ports at U1-27 and 
U1-28. Internal pull-up resistors allow direct key con¬ 
nection. 

U1 will automatically reset to program start when 
turned on. A manual reset push button, SI, is includ¬ 
ed for convenience. CR3 and CR4 are program status 
indicators and are described later. 

Sidetone oscillator U4B is optional. The speaker 
may be any small unit with 8-ohm impedance or 
higher. CR2 indicates key down and should be re¬ 
tained; a keyer option function allows holding key 
down fortuning. 

software routines 

Microcomputer hardware is useless without a pro¬ 
gram to make it "come alive". Software routines are 
described, but the detailed program is too long to in¬ 
clude here. A complete program listing is available 
from the author.t 

A flowchart of the main software polling loop ap¬ 
pears in fig. 3. At power on or RESET, the keyer sta¬ 
tus flags are initialized and -HI- appears on the 4-digit 
display. The program enters a loop that continually 
checks the key paddle switches and keypad switch 
status, waiting for some request. Any switch closure 
will enable a branch to a routine that will generate the 
proper message or code element. 

For example, assume the dot paddle switch is 
closed. The microcomputer turns on the transmitter 
for one dot period. It also checks the dash paddle 
switch and sets the dash memory flag if the dash 
switch was closed before the dot was completed. If 
so, a dash will begin after the dot space. Holding 
either dot or dash paddle closed will generate succes¬ 
sive dots or dashes with proper spacing. 

If no key paddle switches are closed, the micro¬ 
computer checks the letter space option. If enabled, 
no paddle inputs are processed for two dot periods, 
corresponding to one letter space interval. Key pad¬ 
dles are still tested during this interval. If either is 
closed during the interval, the proper flag is set and 
the appropriate dot or dash is sent after interval com- 


f A copy may be obtained from the author for $3.00, which covers repro¬ 
duction and postage costs. 
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pletion.* If no requests are pending, the program 
returns to the main polling loop and waits for the 
next input. 

Pressing one of the keyboard switches calls a key¬ 
pad processing routine. This routine decodes the 
keypad and executes one of several routines shown 
in the flow chart of fig. 4. 

function keys 

To set various keyer options, the keypad F (FUNC- 

*The microcomputer is able to do several things seemingly at once due to 
execution speed and internal 1C circuitry. 


TION) key is pressed, followed by 0 through 9 for the 
selected option. Pressing F will display -F- with the 
third digit blank to indicate an option number must 
be entered next. Entering the option will fill in the 
display and execute the function. 

Table 1 summarizes function-key options. The 
first four, F-0 through F-3, will display, increment, 
decrement, or load a four-digit QSO counter. If QSO 
count load is selected, the number keys are used to 
enter an initial count. Once this initial count is en¬ 
tered, pressing the F or L (load) key will load it into 
memory as the current QSO count. 
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fig. 5. Printed circuit board pattern for the keyer shown from the foil side. 


Options F-4, F-5, and F-6 select various keyer op¬ 
erating modes. Letter space option F-4 will force a 
letter space if neither dot nor dash is closed upon 
completion of a code element. Front panel indicator 
CR4 will light if this function is enabled. Option F-5 
determines if QSO numbers should always be trans¬ 
mitted as three digits or if the leading zeros in the 
number should be suppressed. Option F-6 allows dis¬ 
play of QSO total instead of -HI- during the input 
waiting period. Default values at turn-on are: Letter 
space enabled, suppress leading zeros, display -HI-. 

Current code speed in words per minute is dis¬ 
played by the F-7 option. Since the microcomputer is 
continuously measuring speed, speed control R1 can 
be adjusted through digital readout. Pressing any key 
or paddle lever will exit this function. 

Option F-8 selects speed range, either 16-60 wpm 
or 5-30 wpm. Default value is 16-60 wpm. Option F-9 
will key down the transmitter for tuning purposes; 
key up occurs on pressing any key or the paddle. 
Transmit indicator CR2 will be on and -F9- displayed 
during key down. 


loading messages 

To load one of the message buffers, the L key is 
pressed, followed by a selected message number of 0 
through 9. Entering only L will display -L- with a 
blank third digit prompting the user for a message 
number. Entering the number will fill in the display 
such as -L5- for message number five. 

Once the load identification is complete, the man¬ 
ually sent code is stored in memory until either F or L 
is pressed to terminate the message. The number of 
memory bytes per message is displayed during mes¬ 
sage entry. Message buffers 0 through 9 are contigu¬ 
ous in U2 so that individual messages can be up to 25 
bytes long without interfering with the next higher 
message number. 

Twenty-five bytes can store 100 dots, dashes, or 
spaces, but this is not a limit. Because the keyer 
allows variable message length, one long message 
containing over 1000 dots, dashes, or spaces is pos¬ 
sible; this is an average of 200 letters at three dots or 
dashes per letter. 
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In addition to manually entered code, several spe¬ 
cial functions can be loaded into a message. Table 2 
gives the function options and a specific display for 
user confirmation. CR3 will be on during message 
loading. 


table 2. 

Message loading options are activated by a 1 

single keypad entry 

These options insert special tunc- 

tions intc 

the message during message loading. 

keypad 

display 

description 

0 

-CO- 

send QSO total 


-Cl- 

increment and send QSO total 

2 

-59- 

send 5NN or 5 (keypad) 9 

3 

-IP- 

send keypad numbers 

4 

-SP- 

insert a letter space 

5 - 8 


ignored; reserved future use 

9 

-00- 

restart message loading 

LorF 


terminate a message load 


special message options 

During playback, option 0 transmits the current 
QSO total as two to four numbers depending on lead¬ 
ing-zero suppression previously set by F-5. Option 1 
first increments the QSO total then sends the 
number. 

Option 2 transmits an RST in one of two formats. If 
a key has been typed during message playback but 
before this option is encountered, that keypad num¬ 
ber is sent as the middle digit (signal strength) in the 
RST. If no keypad number has been pressed, 5NN is 
transmitted. 

Option 3 allows transmitting a number directly 
from the keypad. The keypad FIFO buffer is checked 
when this option is encountered. If any keypad num¬ 
bers are stored (maximum of 8), they are sent, the 
FIFO empties, and message playback resumes. 

Option 4 simply inserts one letter space each time 
it is entered. Option 9 allows the user to restart load¬ 
ing in case of error. Options 5 through 8 are currently 
ignored, reserved for future additions. 

These options allow almost any contest message 
to be loaded. For example, 599001 can be loaded by 
typing 2, then 1. Keypad 2 calls for the 5NN; keypad 
1 calls for the QSO total (incremented from zero, no 
suppression of leading zeros). NR 100 IL is loaded by 
manually keying NR, pressing 1 on the keypad, 
pressing 4 twice for two letter spaces, then keying IL 
manually. 

During message loading, a routine measures the 
time between manually keyed dots and dashes. It 
corrects most spacing errors. No more than one 
word space interval will be automatically stored in 
memory. The user can stop loading without filling 
the memory with spaces. No word space is automati¬ 


cally inserted after loading options. Inserting spaces 
(option 4) permits storage of perfect Morse code. 

message playback for transmission 

A stored message is played back by simply press¬ 
ing the appropriate keypad number. If message num¬ 
ber seven is selected, the display shows -P7-. If one 
of the QSO number options is encountered in a mes¬ 
sage, the current or incremented QSO count is dis¬ 
played. The keyer returns to the main polling loop 
when a message is complete and displays -HI- or the 
current QSO count (if F-6 is set). 

Manually sent code can be inserted at any time 
during a message playback. When a paddle switch is 
closed, the keyer stops and waits for a word space 
interval. If the paddle switch is still closed, manual 
code transmission begins. When manual code 
ceases, the stored message playback continues. 
Message playback can be halted at any time by 
pressing the RESET button or briefly tapping the dot 
or dash levers. 

A common method of storing Morse code in a digi¬ 
tal memory is to use a length equivalent to each ele¬ 
ment. A Morse dot would appear in memory as bi¬ 
nary 010. A Morse dash would be binary 01110. This 
keyer uses two bits for each element: A letter space 
is binary 00, a dot is binary 01, a dash is binary 10. Bi¬ 
nary 11 is used as an option indicator for one of the 
message options. This assignment allows four code 
elements per memory byte. 

construction 

The circuit may be built on the PC pattern of figs. 
5 and 6 or with wire-wrap techniques. Sockets are 
suggested for either case to avoid 1C damage. Space 
has been provided on the PC layout for diode rectifi¬ 
ers and a filter capacitor. A three-terminal voltage 
regulator should be used with an output rating of +5 
Vdc at 0.5 amperes. Mount it on the cabinet for heat 
sinking. 

Several 0.1 fiF disc capacitors are used on the PC 
board to bypass the +5 volt line at each |C and re¬ 
duce logic switching noise. A wire-wrap version 
should have these capacitors installed first with mini¬ 
mum lead length. 

The finished keyer can be mounted in a commer¬ 
cial case or a homemade one such as in the title 
photo. Some users may want to separate the keypad 
to move the main keyer circuitry off the desk. In 
either configuration, be certain to rf bypass all leads 
into or out of the keyer cabinet. 

Locating components isn't difficult.* Most of the 


•Drilled and etched PC boards and some parts are available from RADIO¬ 
KIT. Bo* 411, Greenville, N. H. 03048. 
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computer hobbyist advertisers carry the Intel compo¬ 
nents. The four-digit LED display is a National Semi¬ 
conductor NBS7882, but four separate seven-seg¬ 
ment, common-anode displays may be substituted in 
place of that unit. 

The 8748-8 is a lower-speed version that can use a 
3.58 MHz color TV crystal; the program listing in¬ 
cludes modification for this option. Either crystal 
should be series-resonant with series impedance less 
than 75 ohms for 6,144 MHz; less than 180 ohms for 
3.58 MHz. 

The 8748 is supplied unprogrammed. You must lo¬ 
cate a nearby programming facility with an Intel com¬ 
patible EPROM programmer. EPROM programming of 
the 8748 requires more care than a conventional hob¬ 
by computer PROM burner. Intel supplies all informa¬ 
tion on EPROM programming in reference 4. 

conclusion 

This keyer has been used in only a few contests so 
far. I find the automatic number generation and mul¬ 
tiple message playback features to be useful operat¬ 
ing aids. Automatic message transmission during 
each exchange is an advantage that allows filling in 
the dupe sheet and checking off section multipliers. 


In addition, errors are never made in transmitting the 
QSO number or other parts of the contest exchange. 

My objective in writing this article is not only to 
describe a powerful, inexpensive contest keyer, but 
also to start people thinking about new applications 
for microcomputers in Amateur Radio. I'd be inter¬ 
ested in your ideas for using this new technology. 
Microprocessors and computers are already appear¬ 
ing in common ham equipment. Several manufactur¬ 
ers sell combination RTTY and Morse keyboards and 
displays based on microprocessors. 

Perhaps a future version of the contest keyer will 
be able to scan the band, copy a call, check the dupe 
list, and make a contest contact automatically. While 
that operation may be feasible, I don't believe it's de¬ 
sirable. After all, what would remain for the contest 
opefa'of todo? references 


1. A.B. Whits. K9CW. "Programmable Memory Accessory for Electronic 
Keyers.” ham radio, August 1975. page 24. 

2. J. Garret. WB4WF, "The WB4WF Accu-Kayer." QST. August 1973, 
page 19. 

3. J. Session, N6TY. "CW Trainer/Keyer Using a Single Chip Microcom 
puter," ham radio, August 1979, page 16. 

4. MCS-43 MICROCOMPUTER USER'S MANUAL, Intel Corporation, 


ham radio 


42 SB january 1981 





analog-to-digital 
display converter 
for the visually handicapped 


The circuit described in this article was designed 
for a visually impaired Amateur to replace his analog 
panel meter with a large digital display. A variation of 
the circuit can be used to drive a tactile decimal read¬ 
out for the blind. This is the primary use of this cir¬ 
cuit, but with a little ingenuity it can be adapted to 
convert any analog device (such as the frequency- 
readout dial on Amateur gear) to a digital display. For 
instance, it could be used as an azimuthal readout for 
an antenna rotor, calibrated directly in degrees of 
bearing. If so desired, using a thermistor, it could 
monitor the temperature of a final amplifier or linear 
amplifier tube compartment, crystal oven, or any¬ 
thing where temperature is critical. 

theory of operation 

All analog meters are designed with a specific in¬ 
ternal resistance and are constructed to display a par¬ 
ticular current as "full scale." It is easy to calculate 
the voltage necessary to produce a full-scale reading, 
using Ohm's Law, E = IR. Thus a 100-ohm, 1-mA 




full-scale meter requires 100 ohms x 0.001 
ampere = 0.1 wit for full scale; a 1000-ohm, 100- 
micro-ampere full-scale meter requires 1000 ohms x 
0.0001 ampere = 0.1 wit, and so on. 

To obtain a higher full-scale range for a meter, 
construct a divider network or shunt network into 
which the meter is connected. Thus, to obtain a full- 
scale reading of 500 mA, using a 100 ohm/1 mA full- 
scale meter, calculate the resistance, to be placed in 
series with the current through the meter, that will 
develop a voltage drop of 0.1 volt (the full-scale volt¬ 
age of the meter) at 500 mA. Using Ohm's Law 
again,/? = E/I = 0.1V/O.5A = 0.2ohm. (Seethe 
circuit in fig. 1.) Likewise, to obtain a full-scale range 
of 1000 volts, construct a voltage divider with the 
meter as part of the divider. Again, R = 
E/I = 1000V/0.001A = 1 megohm. See fig. 2. 

If we replace the meter in fig. 2 with a 100-ohm re¬ 
sistor, we can measure the voltage produced across 
the 100-ohm resistor and construct our voltmeter so 
that 0.1 volt reads 1000. That's basically what we're 


By Pat Berry, KB7JW, P. O. Box 814, Mulino, 
Oregon 97042 
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doing with this converter circuit, using a special 
analog-to-digital voltmeter. 

It's beyond the scope of this article to go into the 
various methods to convert an analog signal to a digi¬ 
tal output. Numerous texts are available covering the 
subject. Some of the best are the Motorola publica¬ 
tions listed at the end of this article. 

device selection 

This circuit uses the Motorola MC14433 3-1/2 digit 
A/D converter. The MC14433 is a low-power linear 
and digital CMOS monolithic dual-slope A/D convert¬ 
er packaged in a 24-pin 1C. It provides an accuracy of 
± 0.05 per cent of reading plus-or-minus one count 
and provides up to twenty-five conversions per sec¬ 
ond. The input resistance is 1000 megohms, and its 
outputs are standard B-series CMOS that will drive 
one low-power Schottky load. Power consumption is 
only 8.0 mW typical at 5.0 Vdc. For those interested. 


the data sheet contains schematics for several volt¬ 
meters, including an auto-ranging multimeter with ac 
and dc full-scale ranges from 200 mV to 200 V; 2 mA 
to 2 A; and 2 k to 2 megohms. 

This circuit uses a finely adjustable reference volt¬ 
age for the MC14433 to force it into giving any full- 
scale reading desired (up to 1999). By switching in a 
number of reference voltages, we can obtain a meter 
with any number of full-scale ranges. 

Methods are available to allow any number of 
digits to be displayed, but this circuit is limited to dis¬ 
playing three and one-half digits to reduce cost and 
circuit complexity. 

circuit description 

Referring to fig. 3, the MC14433 uses two external 
resistors and two external capacitors to set its inter¬ 
nal clock and ramp. Since analog ground, Vag must 
be at least 2.8 volts above circuit ground, Vee, we 
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use four silicon diodes between Vag and ground (Vge 
and Vss), giving a voltage drop/separation of 2.8 
volts (4 x 0.7 volt). We need either 2 or 0.2 volts for 
Vref, depending on the range we must measure and 
the value we select for R1, so we use a 7805 regulator 
(5 volt) as an accurate voltage source and connect it 
through a Ik, ten-turn pot (available as surplus in 
many places) to Vag- Since Vag is 2.8 volts above 
ground, we have 2.2 volts available across the pot, 
(5.0V-2.8V) or 0.22 volt per turn of the ten-turn pot. 
This voltage is adjusted during calibration for new 
full-scale readings. 

The (^outputs of the MC14433 (pins 20-23) are fed 
to a 7447 seven-segment decoder-driver for LED 
readouts or to a 7445 ten-line decoder-driver for tac¬ 
tile readouts. (See fig. 4.) Note that only segments b 
and c are connected to the MSD (most significant 
digit) readout, fig. 3. The digit selects (pins 16-19) 
then enables each digit in turn through Motorola 
MPS A12 NPN transistor switches. You may use as 
large a digital display as desired, as the LEDs or sole¬ 
noids are mounted external to the decoding and volt¬ 
meter circuitry for convenience. 

Constuction of the circuit is straightforward, using 
normal PC techniques.* Care must be taken to shield 


*1 will supply PC boards, kits, or completed units to those submitting proof 
of visual impairment, at my cost. The number and values of scales desired, 
and the replaced meter information (resistance and fuil-scale current), must 
be specified when inquiring about completed units and kits. Please send a 
self-addressed stamped envelope with your inquiry — KB7J W 


the circuit and rf bypass the input and output leads, 
as the circuit can generate small amounts of rf hash 
due to its clock rate. I haven't found this to be objec¬ 
tionable except during very weak signal reception, so 
shielding is recommended. 

The input voltage to the 7805s can be anywhere 
from 8 to 18 Vdc. I use a rectified and filtered fila¬ 
ment line on my rig. You will experience less dissipa¬ 
tion from the 7805s if you use a voltage closer to 8 
than 18 volts. 

The finished board can be mounted anywhere in 
the rig, as long as it is shielded from rf-sensitive 
areas. If at all possible, mount the new range switch¬ 
es onto the existing meter range switch. It's worth 
replacing the old switch with one that will switch 
everything. 

calibration and installation 

To replace an existing panel meter, determine the 
internal resistance and full-scale current of the meter. 

1. As accurately as possible measure a resistor of the 
same nominal value as the internal resistance of the 
meter for example, 100 ohm, 1 k, and so on. 

2. Disconnect the meter from the circuit and connect 
the leads to the new resistor. If the meter is not re¬ 
moved from the panel, single-lug terminal strips 
mounted to the meter binding posts make excellent 
mounts for the new resistor. 

3. Now, as accurately as possible, measure the 
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voltage produced across the new resistor at each set¬ 
ting of the meter range switch. 

4. Use eq. 1 to calculate the correct digital reading: 

[ Vmcas I Rangef s = digital reading (1) 

(Rrcpi) (tmcler) J 

where V metu = measured voltage (volts) 

R re pi = meter replacement resistance 
(ohms) 

I meter = meter full-scale current (amperes) 
Rangep = meter full-scale range reading 

Adjust each reference potentiometer to obtain the 
'correct reading at each range setting. 

Thus, using a 100-ohm resistor to replace a 1-mA 
full-scale meter, a voltage reading of 0.07 volt should 
read: 

T- Ml -1 500 = 0350 

[( 100 ) ( 0 . 001 ) J 

for a full-scale range of 500 mA. Similarily, if your 
resistor is 100 ohms and replaces a 100-microampere 
meter, and your range is 500 mA full scale, 0.05 volt 
will read: 

f - Ml -1 500 = 0250 

l (1000) (0.001) J 

(Leading zeros are not blanked.) 

As you can see from eq. 1, the accuracy of your 
new readout will be no better than the accuracy with 
which you measure the new resistor and the voltages 
produced across it. 

conclusion 

Although intended primarily as a panel-meter re¬ 
placement, this circuit may find almost unlimited 
uses in the Amateur station. If you design a PC 
board, do as I did and leave at least one blank spot on 
the function switch so you can add another function 
switch for expansion as you find more and more uses 
for the circuit. I hope you find this device as useful as 
I have. 
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the Kenscan 74 


An inexpensive scanner 
and preset memory adapter 
for the 

Kenwood TR-7400A transceiver 

Vhf transceiver design began with single-crystal 
control, then frequency synthesizers were added to 
cover an entire band. The newest radios have preset 
frequency memories and microprocessor scanning 
control. One purpose of Amateur Radio is to improve 
the state of the art. Another is building your own cir¬ 
cuits. Some of us aren't designers, so I'd like to share 
this simple scanning module with those who want to 
improve the Kenwood TR-7400A transceiver. The 
module is inexpensive and has improved the opera¬ 
tion at my station. I call it the Kenscan 74. 

functional description 

The Kenscan 74 module can store up to sixteen 
preset frequencies. Each can be selected individually 
in the step mode or scanned in the scan mode. Scan¬ 
ning will stop when the receiver squelch indicates an 
active frequency or when the transmitter is keyed. 
Scan rate is nominally four per second. 

Scan is held for about seven seconds after a re¬ 
ceiver frequency becomes clear. This pause allows 
you to pick up the microphone and press the transmit 
button. Scanning is then stopped and normal trans¬ 
mit/receive operations are possible. Scanning will re¬ 
main at one frequency until reset by the Kenscan 74 
module CLEAR button. Scanning will resume if the 
microphone button is untouched. 

Step mode allows single-button manual scan. Pre¬ 
set channels are selected in groups of 2, 4, 8, or 16 
frequencies. Either mode is especially convenient 


when operating mobile in heavy traffic or when 
changing a predetermined frequency. 

Frequencies to be preset are first selected by the 
TR-7400A controls. The Kenscan 74 module memory 
is then loaded by using a single pushbutton. Memory 
contents are made available to the TR-7400A display 
and internal PLL frequency control. Once loaded, 
each frequency setting is held in separate memory lo¬ 
cations and recalled with a single button. 

Kenscan 74 module circuits are placed between 
the Kenwood panel controls and internal PLL circuit. 
Conversion doesn't alter existing Kenwood circuit 
boards; module wiring isn't critical. Parts count is 
minimal: only fourteen integrated circuits and two 
transistors. Layout isn't critical. The design offers 
many advantages at little expense. 

memory and memory control 

Fig. 1 is a block diagram of the Kenscan 74 mod- 



By Kenneth R. Fletcher, WB7QYB, 4080 SW 
193rd, Aloha, Oregon 97007 
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ule. Three random access memory (RAM) ICs store 
the frequency switch settings. Each RAM is four bits 
by sixteen words; three RAMs are required to hold 
sixteen ten-bit words.* 

The 74189 bipolar RAM memory 1C (fig. 2) has in¬ 
verted outputs. An inverting buffer is placed be¬ 
tween RAM output and Kenwood control circuits to 
restore the original switch data. The RAMs are nor¬ 
mally in read mode; a frequency word is always pre¬ 
sent at the output, depending on the memory 
address from the counter. 

The sixteen-state address counter is set by either 
step-or scan-mode clocking. RAM addressing is thus 
one of sixteen stored frequency settings. Setting a 
particular address, then selecting a frequency and 
pressing the LOAD switch (fig. 2) will write the fre¬ 
quency setting into the RAM. Releasing the LOAD 
switch will set the Kenwood frequency control and 
display. 

Fig. 2 is the Kenscan 74 module schematic. U5, 
U6, and U7 are the RAMs. U8 and U9 are the CMOS 
RAM output buffers. U3 is the RAM address counter. 
U3 is CMOS, so noninverting buffer U4 is used to pro¬ 
vide sufficient drive for three TTL RAMs. 

The number of address states produced by U3 is 
controlled by the CHANNEL SELECT switch, S2. In 
the 2 position, reset pin 9 of U3 is connected to the 
second stage. Counter output is 0000, then 0001. On 
reaching 0010, the second-stage high state causes a 
reset to all-zero; address count is limited to two. Po¬ 
sitions 4 and 8 will reset on third- and fourth-stage 
high states, respectively, while the 16 positon allows 
a full count. 


mode control 

The counter is clocked in the step mode by one- 
shot U2. U2 is triggered by STEP switch S3, and the 
counter advances once. Scan-mode clocking is con¬ 
trolled by U1, a 555 timer used as an astable multi¬ 
vibrator with a rate of 4 Hz. 

While STEP/SCAN switch SI selects the counter 
clock, U1 output must pass through latch U10, 
which will stop the scan-mode clock when U12, Q1, 
and Q2 detect a receiver input from the TR-7400A 
squelch, t 

Voltage-follower U12A input pin 3 is connected to 


*Word is a term used to describe several bits in parallel for a specific data or 
value function. 

tThe C04042 latch in UlOis not a conventional D flip-flop. Holding polarity- 
pin 6 high with clock-pin 5 high will pass any D input at pin 7 to output pin 
10. D input will be latched into the output when pin 5 goes low; output is 
held (latched) until the clock returns to a high state. 


Q13 collector on the receiver board inside the Ken¬ 
wood. Q13 collector goes to about +1.8 volts when 
a signal is received; to +0.1 volts with no signal. Q1 
and Q2 saturate when the buffered squelch voltage is 
high. C6 is normally charged to + 5 volts through R9 
and R10 but is discharged to ground by Q2 through 
R11. Voltage follower U12B couples the charge of C6 
to the AND gate formed by U11. Latch U13 is normal¬ 
ly high, so a low at AND gate pin 5 will cause its out¬ 
put pin 10 to be low. D input pin 5 of U10 is now low, 
so U10 latches and prevents scan pulses from reach¬ 
ing the address counter. 

When the squelch voltage input drops to +0.1 
volts, Q1 and Q2 are cut off and C6 begins charging 
through R10 and R9 to +5 volts. After seven sec¬ 
onds (adjustable by R10), C6 will charge high enough 
to bring the AND gate pins 5 and 10 high. U10 pin 5 is 
now high, scan pulses from U1 are passed through 
U10, and scanning resumes. 

Latch flip-flop U13 is connected to the receive- 
transmit relay that supplies +12 volts when the 
transmitter is keyed. Zener CR1 clamps the transmit 
level to +5.1 volts at U13 clock pin 3. U13 D input 
pin 5 is tied high. U13 will toggle on the first transmit 
key pulse and remain set; Q pin 2 will drop low and 
inhibit AND gate U11A pin 6. U10 is then latched, and 
scanning stops. 

U13 will lock up and scan until manually reset by 
the CLEAR switch. A squelch break or transmit-key 
pulse will stop scanning, but manual reset is required 
after transmitting to restore a scan. 

The voltage regulator for the module is an 
LM340T-5 rated at 1.5 amperes. An LM7805CT will 
work equally well. Both have TQ-220 cases. 


assembly 

The circuit is fairly dense so I chose wire-wrap as¬ 
sembly. Layout isn't critical but the module must be 
larger than 12 square inches (80 square cm). Control 
switches may be mounted off the board. I prefer rib¬ 
bon cable for both switch wiring and the 34 conduc¬ 
tors necessary to interface with the Kenwood trans¬ 
ceiver. Harmonica connectors, such as the 3M No. 
3414, make neat, low-profile connections for com¬ 
pact places such as inside the transceiver. 

Position the wire-wrap sockets and arrange con¬ 
nectors close to the 1C locations. Wire wrapping 
should begin with all power and ground connections. 
Verify all wiring with an ohmmeter before inserting 
the ICs. It's much easier to correct wire-wrap mis¬ 
takes early; the deeper the wiring, the harder it is to 
trace wires. Regulator U14 can be checked for opera¬ 
tion at this point. 
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Kenwood TR-7400A modifications 

This portion may be the most undesirable part of 
the project but it isn't difficult. To interface the scan¬ 
ner module, the mating interface connectors must be 
wired inside the Kenwood transceiver in the follow¬ 
ing manner. 

Find the place on the TR-7400A schematic where 
the frequency programming information from the 
front-panel switches goes through a harmonica con¬ 
nector to two other boards. This connector is marked 
0K, 5K, A2, C2, and so on. Stop/ The connector is 
not marked correctly on the schematic. Call the pin 
marked 0K as 1. There's a space and a 5K marked on 
the schematic as the next pin. The space in the plug 
should really be between two pins marked A3 and 
5V. The other plug is also misdrawn: the space 
should be moved from between CT1 and CT2 to be¬ 
tween E and Bi. Remarking the schematic will elimi¬ 
nate any confusion between the physical wiring and 
the schematic. 

Next remove both top and bottom covers, then re¬ 
move all knobs. The MHz lever pulls straight off, 
while all others have setscrews. Remove the four 
screws holding the front panel. Pull the display mod¬ 
ules straight up, which will expose a board that must 
be loosened and moved aside (this board has two 
screws on each end). The frequency control connec¬ 
tors will now be visible. Identify each connector with 
the corrected schematic data. 

The Kenwood TR-7400A connectors should now 
be replaced with the scanner module interface con¬ 
nector. The square pins are mated to the frequency- 
control switches, while the plugs are inputs to the 


table 2. Troubleshooting chart. 


problem 

possible cause 

solution 

nothing works 

no 5 V 

Check U14 


no GND to scanner 

check PI-16, PI-33 


no 12 V to regulator 

check PI-17, PI-34 

will not load frequency 

pin 3 of U5, U6, U7 

check S4and wiring 


not pulled low 

to P5 

Display incorrect when LOAD is 

wiring error A1-B3 

check PI-1 through PI-10 

pushed 

broken wire 

check PI-18 through PI-27 

will not step 

U2 wired incorrectly 

check wiring 


SI wired incorrectly 

check wiring 


S3 wired incorrectly 

check wiring 

will not SCAN 

S1 wired wrong 

check wiring 


S2 wired wrong 

check wiring 


no clock pulse 

check U1-3, U10-10, 

U3-15 


U10 latched 

push CLEAR 

will not stop at 

no stop signal 

check squelch input 

busy channel 


from Q13 


scan rate too fast 

set R3 for 4-Hz rate 
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display and PLL circuitry. With the aid of table 1, re¬ 
connect each wire to the scanner module interface 
connector. Note that five wires marked 5V, 0K, 5K, 
CT1, CT2 are jumpered inside the transceiver and do 
not go to the scanner module. 

Once the interface connector is installed, reassem¬ 
bly is in the reverse order of assembly. Make certain 
that all knob indices are correct. Proceed with the 
scanner module and switch cabinet. 

final test 

Be sure that the regulator on the scanner module 
has an output of + 5 volts before any ICs are installed: 
overvoltage will damage the RAMs. Eliminate any 
static electricity possibilities when handling the 
CMOS ICs or when handling the unconnected 
module. 

With all assemblies and connectors ready, connect 
the scanner module to the TR-7400A. If any prob¬ 
lems occur with the Kenscan 74, refer to the trouble¬ 
shooting chart in table 2. 

programming 

Place the CHANNEL SELECT switch in the 2 posi¬ 
tion and the STEP/SCAN switch in STEP. Dial up the 
first frequency and press the LOAD switch. Push the 
STEP switch to change memory address. Dial the 
second frequency and push LOAD. Set the 
STEP/SCAN switch to SCAN and push CLEAR. The 
two preset frequencies should now be scanning. 
Step mode can select either frequency at a single 
touch of the STEP switch. 

The other fourteen memories can be loaded and 
accessed in the same manner. The CHANNEL SELECT 
switch will allow you to preset two, four, eight, or 
sixteen combinations. 

etched-circuit boards 

At this wiring, etched circuit boards are being de¬ 
signed. For further information on these boards or 
kits, send a self-addressed, stamped envelope to the 
author. If you have any problems with the circuit, 
send an SASE with a detailed description of the pro¬ 
blem and I'll try to help. 
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STOP RF| 
SPILLOVER! 

You may be losing up to half the available 
output from your vertical gain antenna 
because of RF spillover. The amazing 
AEA Isopole with unique decoupling 
design, virtually eliminates RF spillover 
and can help you multiply your power 
in all directions on the horizon relative 
to an ideal half-wave dipole, or end-fed 
non-decoupled "gain" antennas. 

CALL TODAY 

BRITT’S 

2-way Radio Service 
2508 North Atlanta Road 
Belmont Hills Center 
Smyrna, Georgia 30080 
Phone (404) 432-8006 

AEA Brings you the 
MEM Breakthrough! 

A BETTER BALUN 

from Barker & Williamson, Inc. 



BROAD BAND BALUNS 


Power Rating 2.5 KW-5 KW PEP 
Frequency Range 3.5-30 MHz 
SO 239 CONNECTOR 


Types Available 

Model BC-1 

50 ohms unbalanced to 50 ohr 
balanced 


Model BC-2 

50 ohms unbalanced to 200 ohms 
balanced 

Model BC-3 

50 ohms unbalanced to 300 ohms 
balanced 

Model BC-4 

50 ohms unbalanced to 600 ohms 
balanced 



See your dealer or write: 
Barker & Williamson, Inc. 

10 Canal Street 
Bristol. Pa. 19007 



More Details? CHECK-OFF Page 110 
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quick and simple 

antenna match 

A candidate for 
monoband mobile work 

One component and a length of transmission line 
will make a quick and simple antenna match. Sound 
too good to be true? The method borrows an old 
microwave technique and is limited to narrow band- 
widths. It's useful for restricted monoband opera¬ 
tion, especially for mobile work. 

Familiarity with the Smith chart is required. 1 You 
must have a good measurement of the antenna im¬ 
pedance at the transmitter end. 2 - 3 The component 
value and extra line length can be found by graphic 
or numerical methods. This matching scheme is best 
explained by a quick review of certain parts of the 
Smith chart. 

intercepting the Ro circle 

A key element of the Smith chart is the resistive 
circle lying on the bisecting line and passing through 
chart center and infinite resistance. This circle is 
marked as Ro equal to Z 0 for a specific impedance or 
unity on a "normalized" chart.* 

This simple matching method requires adding a 
line to move the measured impedance in a clockwise 
direction until the rotated impedance point intersects 
the Rq = Zq circle at either of two places. A clockwise 
rotation is marked "toward generator." Once at the 
Ro circle intersection, the new reactance may be 
read directly. 





Matching requires adding an opposite reactance in 
series with the new end impedance. It is simply series 
resonating, so that only the resistive part remains. 
You have reached the perfect match! 

a graphical method 

Fig. 1 shows the matching scheme. Suppose you 
measure an impedance of 12-/17 ohms at the exist- 
ing-line transmitter end. Using a drafting compass 


By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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pivoting on chart center, draw a circle through this 
impedance point until the Rq = Z 0 circle is inter¬ 
cepted. Next, draw radial lines from chart center 
through the original impedance and each Ro circle 
intercept. Radial lines should go through the circular 
wavelength scales. 

Note the reactance component at the R 0 circle in¬ 
tercept. In this example it's about 84.5 ohms. Calcu¬ 
late a capacitor and inductor value for this reactance 



at the original impedance-measurement frequency; 
choice of capacitor or inductor depends on the add¬ 
ed line length. 

Total the fractional wavelength, in a clockwise di¬ 
rection, from original impedance radial to each of the 
R 0 circle intercept radials. Inductive-reactance side 
intercept should total 0.236 wavelength; series ca¬ 
pacitance is used at this intercept. Capacitive reac¬ 
tance intercept occurs at 0.374 wavelength, and a 
series inductor would be required here. 

The sequence of events is shown in fig. 2. Rotat¬ 
ing the original 12-/17 ohm impedance by 0.236 
wavelength (adding a line) will make it 50+_/84.5 
ohms. Adding a series capacitor of -j84.5 ohms re¬ 
sults in a final impedance of 50 +j 0 ohms. 

The antenna hasn't changed impedance, but the 
load presented to the transmitter is now purely resis¬ 
tive; a better power transfer occurs. The original im¬ 
pedance has a 4.67:1 VSWR and may be out of the 
range of a tuner or may upset an ALC circuit. 

line lengths 

This quantity is easily determined by 
Length = kx wavelength 
X velocity of propagation /frequency (MHz) (1) 

where: K = 984 for length in feet, 

300 for length in meters 

Propagation velocity depends on the added transmis¬ 
sion line and would be 0.659 for common polyethyl¬ 
ene dielectric coaxial cable. The example in feet at 
3.9 MHz with RG-58A cable would be: 


984 X 0.236 X 0.659/3.9 
= 161.86/3.9= 39.24feet 

This length of line might shock 80-meter fans at to¬ 
day's prices. An advantage is that the added line is 
indoors ; some previously used outdoor line may still 
be good. 

numerical methods 

Previously published formulas can be rearranged 
for those lacking Smith charts. 4 Assigning R 0 as the 
added line characteristic impedance and Ri +jX L as 
the original transmitter-end measurement, series 
reactance is: 

x s = v \Ro(Ro 2 + X L i)\/R L + R 0 (R L - 2R 0 ) (2) 
This reactance is both capacitive and inductive. It 
represents the inductive-component-side intercept 
and the added capacitor reactance. Calculation from 
the example would be: 

X= V [50(2500 + 289)]/12+ 50(12- 100) 

= V 7220.83 = 84.98 ohms 

Line-length formula results in a phase angle, 0, 
that must be divided by 360 degrees to obtain frac¬ 
tional wavelength in eq. 1. 

„ Ro(Ro-Ro) 

0 - arctan Rq x l +R l X (3) 

The X term with no subscript is the value from eq. 2. 
Example calculations are: 

„ _ , , f 50(50-12) "I 

P t0n \_50(- 17) +12(84.98)\ 

= tan- 1 - 84.89 degrees 

Dividing 84.98 by 360 gives the wavelength of 0.236, 
and eq. 1 is used for physical length. 

A rotation greater than 0.25 wavelength gives a 
negative angle for 0. Simply add 180 degrees for the 
correct angle. The reason for a negative result is that 
an arctangent result can only be within ± 90 degrees. 
The negative angle represents a counterclockwise ro¬ 
tation. Since the Smith chart is only 180 degrees in 
circumference, adding 180 degrees to a negative re¬ 
sult will give a correct clockwise rotation angle. 

Suppose another measurement was 22.5-y50 
ohms. Numeric equations would yield X of 85.07 
ohms and 0 of -66.92 degrees. Adding 180 degrees 
to 0 would give the correct 113.08 degrees or 0.314 
wavelength rotation. 

case history of 
a quick match 

A newly moved ham wanted to get on 20 meters in 
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table 1. Calculated data of the 20-meter dipole matching example. Columns marked "original" and "measured" 
are from RX noise bridge readings, others are ideal conditions. Capacitive reactance for 200 pF. Target frequency 
for optimum match was 14.15 MHz. 


impedance 


extension 


impedance 


impedance 


39.3-j50.8 

32.6 — j45.1 
27.8 — j41.3 

25.1- j36.1 
23.3 -j31.6 

23.2- j24.9 
24.5-117.5 
25.8-110.5 

27.7 -j2.8 


25.7 +j34.2 
29.0 +j40.5 

31.7 +j46.6 

37.7 +j52.3 
45.2 +j57.4 

60.7 + 158.2 

80.7 +j47.0 

93.7 +j25.0 
90.5 -j2.7 


25.7- j22.6 
29.0 — j 16.1 

31.7 - j9.8 

37.7 - j3.9 
45.2 +j1.4 

60.7 + j2.4 

80.7 -j8.6 

93.7- j30.5 
90.5-j58.0 


26.6 — j22.1 
30.3 — jl 5.3 

32.7 - j8.6 

39.7 -j3.5 
47.0 +j1.0 
62.0 +j1.0 

78.8 - j9.6 
90.9-j28.7 
90.1 -j56.1 



a hurry with a temporary dipole. The antenna tuner 
had been mislaid and the transmitter did not seem to 
load correctly. RX noise bridge readings and calcula¬ 
tions showed a reasonable VSWR condition given in 
the left columns of table 1. A better match was de¬ 
sired at 14.15 MHz. 

Numerical calculations resulted in 61.90 ohms for 
X, 101.42 degrees or 0.282 wavelength added line. 
This translated to 181.7 pF series capacitance and 
12.92 feet (3.94 meters) of line. Smith chart plots are 
given in fig. 3 with the dash-dot line marking the 50- 
ohm intersection at 14.15 MHz. 

Two six-foot (1.83-meter) lengths of RG-58C were 
available and a junkbox search came up with two 
100-pF transmitting mica capacitors along with a 
small box having appropriate cable connectors (to 


house the capacitors). HP-67 calculator work indi¬ 
cated this combination should do well. 5 The ideal ro¬ 
tation plus series capacitance is plotted in fig. 3; 
ideal and actual results are in table 1. Total time for 
measurement and matching took half of a Sunday 
afternoon. 

This type of match is no substitute for a good an¬ 
tenna tuner but shows what can be done quickly and 
with fixed components. The rotated impedance in 
fig. 3 is slightly more than 90 degrees away from the 
original. Plot points of the ideal case are on each resis¬ 
tive-part locus, differing only by the series reactance, 

applications 

Monoband mobile work seems the best application 
for this simple matching scheme. Restricting the fre¬ 
quency to phone bands permits matching to within 
2:1 VSWR. A fixed series reactance should survive vi¬ 
bration better than a variable tuner; it should be in a 
sturdy metallic box since both ends are above ground. 
Added cable can be tucked away in the trunk or be¬ 
hind seat backs. Do not put any cable under adjust¬ 
able seats; slashed cable is the invariable result. 

Although a simple technique, the method requires 
accurate measurement and calculation. 6 . 7 
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transmission-line 
circuit design 


Using distributed 
resonant circuits for 
uhf/vhf transmission lines 

In part 1 of this article (ham radio, November, 
1980) I addressed the governing expressions for cal¬ 
culating resonant transmission-line parameters. 
Included were data on design relationships such as 
efficiency, coupling, and resonating capacitance. 
Programs for the Hewlett-Packard HP-67/97 calcula¬ 
tor were detailed using the HP-97 printer capability. 

This part of the article examines the geometry of 
the first four configurations of twelve different trans¬ 
mission lines in common use at 50 MHz and above 
(50 MHz is not a lower limit, however). The param¬ 
eters for resonant-circuit design are described for: 

1. Coaxial lines. 

2. Parallel plates. 

3. Parallel wires in air. 

4. Single wire over a plane. 

Subsequent issues of ham radio will present similar 
data on the remaining transmission-line configura¬ 
tions. 

line configurations, graphs, 
and calculator programs 

The critical parameters of the twelve transmission¬ 
line configurations previously identified in fig. 1 (ham 
radio, November, 1980) are described. Graphic solu¬ 
tion of characteristic impedance, Z 0 , as a function of 
the physical geometry of each line is given where 
practical. Also HP-67/97 calculator programs are 
provided for each line configuration, permitting rapid 
solution for the selected variables or variables. For 
most cases the programs are written to permit the re¬ 
verse solution to be calculated, thereby checking 
both accuracy of data entry and program. 


The programs are not optimized to minimize steps. 
In all cases the 224 steps available in the HP-67/97 
are sufficient to calculate the desired results. In some 
cases, more than one line configuration can be pro¬ 
grammed on a magnetic card. The final choice rests 
with each user as to exactly what line configurations 
are grouped together to satisfy design requirements. 

Following each program is a table that shows 
which registers are used in the program and what 
they contain. Tables indicating how the program is 
controlled are included and, where useful, a sample 
problem is given. References give the source data 
from which the transmission-line parameters were 
calculated. 


This is the basic transmission-line configuration 
used in resonant circuits. The governing equation for 
transmission-line parameters (reference 4) is: 


where Z 0 = transmission line impedance (ohms) 
t r = dielectric constant (air = 1) # 

D = inside major diameter 
d = outside minor diameter 

Fig. 8 shows the graphical relationship of D/d ver¬ 
sus Z 0 for Zg between zero and 300 ohms. These 
values were calculated for the HP-67/97 program 
shown in table 8. The storage register contents are 
in table 9; program control is in table 10. The pro¬ 
gram assumes that the dielectic constant, e r , is 1.0; 
that is, e r is equal to air if no value is entered. 


By H.M. Meyer, Jr., W6GGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
90274 
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Table 8. HP-67/97 program for calculating D/d and Z„ for 
coaxial lines. 


step 

HP-97 

hey 

HP-97 

step 

HP-97 

key 

HP-97 

code 

007 

*LBLA 

21 11 

026 

X 

-35 

002 

V* 

54 

027 

1 

01 

003 

STOO 

35 00 

028 

3 

03 

004 

RTN 

24 

029 

8 

08 

005 

*LBLB 

21 12 

030 

+ 

-24 

006 

-s- 

-24 

031 

10* 

1633 

007 

*LBL1 

2101 

032 

STOI 

3501 

008 

STOI 

35 01 

033 

RTN 

24 

009 

LOG 

1632 

034 

*LBLD 

21 14 

010 

1 

01 

035 

STOI 

35 01 

Oil 

3 

03 

036 

GTOI 

2201 

012 

8 

08 

037 

* LBL2 

2103 

013 

X 

-35 

038 

R 1 

-31 

014 

POLO 

36 00 

039 

1 

01 

015 

X = 0? 

16-43 

040 

STOO 

35 00 

016 

GSB2 

2302 

041 

♦ 

-24 

017 

+ 

-24 

042 

ST02 

35 02 

018 

ST02 

35 02 

043 

RIS 

51 

019 

RTN 

24 

044 

'LBL3 

2103 

020 

*LBLC 

21 13 

045 

1 

01 

021 

ST02 

35 02 

046 

STOO 

35 00 

022 

* LBL4 

2104 

047 

R 1 

-31 

023 

RCLO 

36 00 

048 

QT04 

2204 

024 

X = 0? 

16-43 

049 

RIS 

51 

025 

GSB3 

2303 





table 9. Register contents 
for HP-67/97 program for 
calculating D/d and Z 0 for 
coaxial lines. 


STOO 

v£7 

STOI 

D/d 

STO 2 

Z„ 


table 10. HP-67/97 program control for calculating D/d and 
Z„for coaxial lines. 




fig. 8. Characteristic impedance of coaxial lines. 


parallel plates 



T 

I 


This baseline configuration is often used with vac¬ 
uum tubes. It is also used as a baseline geometry in 
calculating striplines between and over a ground 
plane. It is important to note that fringe and distrib¬ 
uted capacitance effects, which can introduce sub¬ 
stantial errors, are not considered. In addition, the 
thickness of the lines is assumed to be zero. 

The governing equation (reference 4) as shown for 
this configuration is: 

Zo= l ° 810 f (20) 

where Zp = line impedance (ohms) 
w = line width 

t = minimum distance between lines 
w/t>1.0 

Table 11 is the program for the HP-67/97, table 12 
shows the storage registers used, and table 13 
shows program control. Fig. 9 shows the relation¬ 
ship of w/t with respect to Zg. The program assumes 
e r = 1 if no value is entered. 


january 1981 63 






Table 11. HP-67/97 program for calculating Z 0 and w/t for 
parallel plates. 


step 

HP-97 

key 

HP-97 

step 

HP-97 

key 

HP-97 

code 

007 

*LBLA 

21 11 

026 

+ 

-24 

m 

STO0 

35 00 

027 

ST03 

35 03 

m 


54 

028 

* LBL4 

21 04 

m 

ST01 

3501 

029 

LOG 

1632 

m 

RTN 

24 

030 

3 

03 

m 

*LBLB 

21 72 

031 

7 

07 

M7 

ST02 

35 02 

032 

7 

07 

m 

* LBL1 

27 07 

033 

x 

-35 

m 

RCL1 

3601 

034 

ST04 

35 04 

070 

X = 0? 

16-43 

035 

* LBL2 

21 02 

077 

GSB9 

23 09 

036 

RCL1 

36 01 

072 

X 

-35 

037 

X = 0? 

16-43 

073 

3 

03 

038 

GSB8 

23 08 

014 

7 

07 

03 9 

1 - 

-24 

075 

7 

07 

040 

ST02 

35 02 

016 

+. 

-24 

041 

RIS 

51 

017 

10* 

1633 

042 

* LBL8 

2108 

018 

ST03 

35 03 

043 

1 

01 

019 

R/S 

51 

044 

STOI 

3501 

020. 

* LBL9 

2109 

045 

RCL4 

36 04 

021 

1 

01 

046 

QT02 

2202 

022 

STOI 

35 01 

047 

'LBLD 

21 14 

023 

RCL2 

3602 

048 

ST03 

3503 

024 

QTOI 

2201 

049 

ST04 

2204 

025 

*LBLC 

21 13 

050 

R/S 

51 



fig. 9. Parallel plate w/t versus Z 0 . 


table 12. Register contents 
for HP-67/97 program for 
calculating Z 0 and w/t for 
parallel plates. 


STOO 

e 

STOI 

■k. 

ST0 2 

z o 

STO 3 

w/t 

ST04 

INTERIM 


table 13. HP-67/97 program control for calculating z„ and w/t 
for parallel plates. 


calculates w/t 

enter Z„ press B 

calculates z 0 

enter Wit press C 

calculates Z 0 

enter w/t press D 


Note: If no value fore, is entered, program assumes e, = J =orr. 


parallel wires in air 



This is the classic balanced transmission line. It is 
included here for completeness. The exact equation 
(reference 4) is: 

D 

Z 0 = 120 cosh- 1 -J (21) 

where D = center-to-center spacing between lines 
d = outside diameter of each line 
Zo = line impedance (ohms) 

Fig. 10 is a plot of line impedance versus ratio D/d. 
Table 14 shows the HP-67/97 program for calculat¬ 
ing either the Z 0 or D/d values depending on the 
available data. Table 16 shows the storage register 
content used for the program; table 16 shows pro¬ 
gram control. 

To calculate cosh ~ 1 D/d, the following was used: 



In calculating the converse, assume cosh~' = a, 
then: 


D = (e a ) 2 +1 
d 2e* 
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Table 14. HP-67/97 program for calculating Z 0 and D/d for 
parallel lines in air. 

step 

HP-97 

HP-97 

step 

HP-97 

HP-97 

001 

*LBLA 

21 11 

020 

*LBL1 

21 01 

002 

STOO 

35 00 

021 

X2 

53 

ooe 

1 

01 

022 

1 

01 

m 

2 

02 

023 

- 

-45 

m 

0 

00 

024 


54 

ooe 

4- 

-24 

025 

RCL3 

3603 

007 

e* 

33 

026 

+ 

-55 

008 

ST02 

35 02 

027 

LN 

32 

009 

X2 

53 

028 

1 

01 

010 

1 

01 

029 

2 

02 

Oil 

+ 

-55 

030 

0 

00 

012 

RCL2 

3602 

031 

x 

-35 

013 

2 

02 

032 

STOO 

35 00 

014 

X 

-35 

033 

R/S 

51 

015 

4- 

-24 

034 

*LBLC 

2113 

016 

ST03 

35 03 

035 

4 

-24 

017 

R/S 

51 

036 

ST03 

3503 

018 

'LBLB 

21 12 

037 

GTOI 

2201 

019 

ST03 

3503 

038 

R/S 

51 


table 16. Register contents 
for HP-67/97 program for 
calculating Z 0 and D/d for 
parallel lines in air. 


STO 0 Z 0 
ST01 INTERIM 
STO 3 D/d 


table 16. HP-67/97 program control for calculating Z 0 and 
D/d for parallel lines in air. 


calculates D/d 

enter Z 0 press A 

calculates Z 0 

enter D/d press B 

calculates Z 0 
enter D 





fig. 10. Characteristic impedance of parallel lines. 


single wire over a plane 


T 


This configuration is often used for resonant cir¬ 
cuits to 2 GHz and as the main element of filters in 
local-oscillator chains. The governing equation (ref¬ 
erence 4) is: 


_ _ 138. , ih. ,-Mt 

Zo — logjo d 124) 

d< <h 

where Z 0 = line impedance (ohms) 

€ r = dielectric constant 
h = centerline height above the plane of the 
wire 

d = wire diameter 

Fig. 11 depicts Z 0 versus h/d for a nominal range of 
values. Table 17 is the HP-67/97 program for calcu¬ 
lating Z 0 or h/d or, given h and d, calculating Z 0 . If e r 
is not given the program assumes e r = 1; that is, air. 
Table 18 shows the storage registers used for the 
program; table 19 indicates program control. 
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fig. 11. Z 0 versus h/d for a wire over a plane. 


In the next series, to be published in a subsequent 
issue, I shall discuss the geometry and resonant- 
circuit design of the following line configurations: 

1. Circular wire between planes. 

2. Parallel wires over a plane. 

3. Circular wire in an open trough. 

4. Parallel wires between planes/rectangular box. 


reference 

4. Reference Date for Radio Engineers, ITT Corporation, 5th Edition, 1968 
(included in subsequent editions). 
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TECHNIQUES ffr ^ 


We are happy to introduce a new, department in ham radio by 
one of the most respected and knowledgeable Amateurs in the 
world. Bill Orr started his Amateur career in 1934, when he obtained 
his first license, W2HCE. He has been a prolific contributor to the 
Amateurliterature, having authored more than 100 magazine articles 
and many books. Perhaps his most famous works are The Beam 
Antenna Handbook and Radio Handbook, of which he is the 
editor. Bill's literary style is friendly and easy to read and understand. 
We hope our readers will enjoy this series of articles, which will con¬ 
tain technical topics of general interest to Radio Amateurs. Editor 


BY WILLIAM I. ORR. W6SAI 


Happy New Year 1981! What will the 
New Year bring to Amateur Radio? 
We have the prospect of the new 10- 
MHz band in the near future and the 
probability that the 160-meter band 
will be expanded as the Loran-A 
equipment is deactivated. And, the 
sunspot cycle will continue its inex¬ 
orable decline. 

You probably won't notice much 
deterioration in DX conditions on the 
high-frequency bands this spring, but 
you might find that 10 meters is 
noticeably less "DX-y" this coming 
fall. And by spring, 1982, the slump in 
10-meter openings should be quite 
apparent. So enjoy 10 while you have 
the chance. Pay attention to 6 
meters, too; it might be a long time 
before 6 meters shows the long-dis¬ 
tance communications that seem to 
be almost a daily occurrence these 
past years. 

the popular triband 
Yagi beam 

This column discusses the triband 


Yagi beam for 20, 15, and 10 meters. 
This well-known design is used (with 
impressive results) by many DXers, 
and it's an inexpensive and effective 
antenna that's not too big. 

The modern triband Yagi was de¬ 
veloped from a multifrequency dipole 
invented and perfected by Howard K. 
Morgan, Superintendent of Commu¬ 
nications, Transcontinental and 
Western Airline, Inc. The require¬ 
ment of the airline (the grandfather of 
the modern TWA) was for a simple, 
multifrequency antenna that would 
provide good reception of various air¬ 
craft frequencies at ground commu¬ 
nication stations. The multifrequency 
dipole devised by Morgan was des¬ 
cribed in the August, 1940, issue of 
Electronics, and the original drawing 
from that article appears in fig. 1. 

The Morgan antenna consisted of a 
center-fed dipole with the end insula¬ 
tors replaced by parallel-tuned cir¬ 
cuits. Extra wire sections were added 
beyond the circuits so that the dipole 
was again resonant at a lower fre¬ 
quency. 


For example, if the center dipole 
section is cut for 21.2 MHz and the 
parallel-tuned circuits (commonly 
called traps) are tuned to 21.2 MHz, 
the dipole works in a normal manner; 
the very high impedance of the reso- 
sulator. Wires that have been added 
after the traps have little, if any, 
effect on antenna operation at, or 
near, 21.2 MHz. 

If wire sections are added after the 
traps are cut to the proper length, the 
overall antenna system will resonate 
at a lower frequency, say, 14.0 MHz. 
The presence of the tuned circuits 
affects the length of the antenna, so 
resonance is obtained at 14.0 MHz 
with an overall antenna length some¬ 
what shorter than normal. A typical 
antenna is shown in fig. 2C, The 
traps act as electrical switches that 
are either open or closed, depending 
on the frequency of operation of the 
antenna. 

Morgan's article pointed out that 
antennas for operation on as many as 
four different frequencies had been 
built successfully. Finally, the article 
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provided detailed information con¬ 
cerning adjustment of the traps for 
proper antenna operation. 

resurrection of the 
multiband dipole 

Morgan's multifrequency antenna 
died a quick death. Here was the 
perfect antenna for operation on the 
various Amateur high-frequency 
bands; the traps were easy to build 


and adjust, low-impedance transmis¬ 
sion line was readily available, yet no¬ 
body carried the idea forward. With 
the coming of World War II and the 
ban on Amateur Radio, the multi¬ 
band-antenna principle fell by the 
wayside. 

It was not until after the war that 
the concept of multiband operation 
surfaced again, in a design by 
Chester Buchanan, W3DZZ, des¬ 
cribed in the December, 1950, issue 


of Radio and Television News. 
Buchanan described a dual-band 
beam for 10 and 20 meters using 
trapped elements. He also provided 
the first complete description of how 
the trapped antenna worked. His final 
beam design, known to many DXers 
as the "W3DZZ beam," was fully 
described in QST k for March, 1955. 

how the triband 
beam operates 

Frequency-sensitive "switches" 
are the operating secret of the tri¬ 
band beam. The switches consist of a 
capacitor and inductance connected 
in parallel. This is a simple parallel- 
tuned circuit, which provides a very 
high impedance across the terminals 
at the resonant frequency. 

The actual value of the impedance 
is the reactance of the coil times its 
Q, (Qx Ql). If the value of Q is high 
(Q being the electrical excellence of 
the coil), the circuit works as a high- 
impedance insulator at the circuit 
resonant frequency. 

The curve in fig. 2D shows that the 
off-frequency reactance of the circuit 
is quite small: inductive at frequen¬ 
cies lower than resonance and capa¬ 
citive at frequencies higher than 
resonance. 

When the trap is placed in an anten¬ 
na, the equivalent circuit of the an¬ 
tenna above and below resonance is 
shown in fig. 2C. 

On 15 meters the center portion of 
the antenna works as a dipole with 
trap "insulators" tuned to 15 meters. 
When the antenna is used on 20 
meters, the inductive reactance of 
the traps is quite low, and they act as 
loading coils. The wire length 
between the traps is cut so that the 
wire, plus the loading coils, is reso¬ 
nant at 20 meters, in conjunction with 
the center section. 

Thus, on 20 meters, the trap dipole 
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fig. 1. The original illustration in the issue of Electronics magazine depicting the trap 
dipole scheme evolved by Howard K. Morgan. The multifrequency antenna was original¬ 
ly designed for ground-station reception in the aeronautical service. Parallel-tuned trap 
circuits served as insulators at the resonant frequency of trap and antenna. 
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is considerably shorter than normal 
due to a portion of the antenna being 
duplicated by the series inductance of 
the traps — the antenna is nonreso¬ 
nant on 10 meters unless extra traps 
are added. 

To put it all together, in a triband 


element, the inner section and inner 
traps are resonant at 10 meters, the 
middle portion of the antenna and 
associated traps are resonant at 15 
meters, and the whole antenna 
assembly is resonant at 20 meters 
(fig. 3). 

trap performance 

The trap is the heart of the triband 
antenna. A good trap will have 
reasonably high Q and must be 
waterproof. Many Amateurs make 
their own traps for triband dipoles 1 
from an airwound inductance and a 
transmitting-type ceramic capacitor. 
The trap is placed in a waterproof 
housing. 

Commercially made traps for tri¬ 
band beams are more sophisticated 
and are designed for mass produc¬ 
tion. The two traps in one section of 
an element may be combined into 
one structure, as shown in fig. 4. 
This arrangement provides a compact 
and rugged assembly. 

No reliable information exists, as 
far as I know, as to the actual gain of 
a triband beam compared to a full- 
size antenna. Admittedly, the perfect 
trap has not yet been built, so some 
power is lost in each trap. In addition, 
on the two lowest bands, the antenna 
elements are not full size, so addition¬ 
al power is lost because of the re¬ 
duced element length. This power is 
lost in the trap, which acts as a load¬ 
ing coil. 

On the whole, the tribander design 
is good. The triband Yagi beams on 
the market work, and work well, 
judging from the number of DXers 
who use them and the robust signals 
they put out. 

triband-beam bandwidth 

One specification in which the tri¬ 
band beam suffers is bandwidth. On 
10 meters, where the inner set of 
traps act as insulators, the bandwidth 
of the triband Yagi compares favora¬ 
bly with that of a conventional IO¬ 
meter Yagi beam. On 15 and 20 
meters, operational bandwidth is 
somewhat restricted, because a por¬ 


tion of the element on each band is 
made up of the trap (or traps) for the 
higher-frequency band. 

Then, too, some triband beams are 
built on shorter-than-normal booms 
to conserve space. This compromise 
further reduces operating bandwidth 
(and gain) — especially on 20 meters. 

A set of representative SWR curves 
for a triband Yagi and a full size 20- 
meter Yagi is shown in fig. 5. Both 
beams are built on 20-foot (6-meter) 
booms. Observe that the 20-meter 
bandwidth of the tribander suffers in 
comparison with the full-size 20- 
meter beam, but bandwidth improves 
on 15 meters, and is equal for both 
antenna designs on 10 meters. This is 
of little consequence to the Amateur 
having a tube-type final-amplifier 
stage with an adjustable output net¬ 
work, but it poses a problem to those 
who have a solid-state output stage 
that requires an antenna with a low 
standing wave ratio. 

One way around this problem is to 
build an SWR "flattener" that will re¬ 
duce the SWR on the line at the 
transmitter end of the line (fig. 6). 
This simple matching network is 
placed between the coaxial line to the 
antenna and the station SWR meter. 
The capacitors and number of coil 
turns are adjusted for lowest SWR on 
the operating band. It can be easily 
adjusted for near-zero SWR at any 
point in the 10, 15, or 20-meter bands 
by tuning the controls for minimum 
SWR as observed on the meter. The 
settings can be logged for future use. 

is a triband Yagi 
beam practical? 

Based on personal observations 
over the years, the answer to this 
question is yes. If you have a well- 
made tribander, you have the tremen¬ 
dous advantage of three-band opera¬ 
tion with one relatively small antenna. 
I've used a triband Yagi for years, al¬ 
ternating with a full-size 20-meter 
beam, on occasion. As far as working 
DX goes, I can do equally well with 
either antenna, and I notice no differ- 
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table 1. Data for the G3LD0 wire-beam antenna. All dimensions are in inches and are 
for insulated wire; multiply by 1.04 for uninsulated wire. Dimension C is approximate. 



ence between the three-band design 
and the single-band beam. 

Common sense and measurements 
made on the triband Yagi tell me that 
it isn't as efficient as the full-size 
beam. The bandwidth is somewhat 
restricted, and the front-to-back ratio 
isn't quite up to snuff, particularly on 
15 and 10 meters. But these com¬ 
plaints fade away when I consider the 
convenience of working three bands, 
and the fact that I can compete in DX 
work and get reports that are just 
about equal to those of others in the 
area. 

Tests. Before I installed the tri¬ 
bander, I wouldn't have believed this, 
as I took the traps into the company 
laboratory and measured the Q on a 
precision meter. A trap that I made 
out of the best materials available 
(air-wound, silver-plated, copper coil 
and a transmitting-type ceramic 
capacitor) provided a Qof over 300 at 
30 MHz. 

The Q of the commercial trap, 
measured at 30 MHz, was only about 
180. This so discouraged me that the 
triband beam sat in my garage in the 
original box for about a year. Finally, 
deciding to see for myself how the 
antenna performed, the 20-meter 
Yagi came down, and the tribander 
went up in its place. Despite my mis¬ 
givings, the triband worked, and 
worked well. 

Some of my engineering colleagues 
sniffed in disdain at my unscientific 
test and were unmoved when I beat 
them out in a DX pileup. "Pure 
luck," was their conclusion. 

Well, I don't know about that. 
Luck and operating skill surely are 
factors to be reckoned with. But if 
the antenna doesn't work, all the luck 
and operating skill in the world are to 
no avail. 

Power transfer. It's true that some 
transmitting power is lost in the traps. 

I have a telescoping tower and can 
reach the traps in my antenna from 
the garage roof when the tower is re¬ 
tracted. Running a kilowatt input for 
10 minutes, key down (when the band 
is dead I) results in the traps being 


slightly warm to the touch. Obvious¬ 
ly, some rf power is being converted 
to heat in the traps. Other hams (hav¬ 
ing more ego than common sense) 
have attempted running excess 


power to a trap Yagi beam and have 
damaged the traps. 

In conclusion, then, a good trap 
Yagi beam is an acceptable compro¬ 
mise for the Amateur who wants 
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three-band operation. If a solid-state 
transmitter is used, an SWR "flat- 
tener" will prove helpful in making 
the transmitter perform at top effi¬ 
ciency. 

the G3LDO wire 

While on the subject of Yagi anten¬ 
nas, the interesting design by G3LDO 
is worth considering.2 Experiments 



were run on 144 MHz with wire 
beams, and G3LD0 came up with the 
interesting observation that the reso¬ 
nant length of a wire element de¬ 
pended upon the insulation on the 
wire. Uninsulated copper wire and 
enamel-coated copper wire provided 
"normal" dimensions, whereas insu¬ 
lated copper wire (hookup wire) had 
a velocity factor of about 0.965. The 
insulation on the tested wire was PVC 
(polyvinyl chloride). 

Based on this information, G3LDO 
built a test beam on 2 meters, and 
then a larger model for 10 meters 
(fig. 7). He found that bending the 
elements back in the plane of the 
antenna caused an increase in the 
resonant frequency of the bent ele¬ 
ment and also resulted in a drop in 
gain. The solution was to fold the 
elements back in umbrella fashion, 
with the ends of the elements form¬ 
ing guys for the bamboo or fiberglass 
support structure. Dimensions for the 
beam are given in table 1. The per¬ 
formance of this simple and inexpen¬ 
sive wire beam was equal in every 
way to a standard equivalent design 
using full-size elements. This looks 
like a good antenna design for the 
ham who has a problem locating 
aluminum tubing. 


a TVI filter for 
the 6-meter operator 

Do you have a problem with 6- 
meter operation? It's a tough deal, 
what with TV channel 2 only a few 
megahertz away. Filters that can pro¬ 
tect channels 2 and 3 (and provide at¬ 
tenuation of TV garbage in the 6- 
meter receiver) are hard to find. 

My attention has just been directed 
to a new filter that will be of interest 
to all 6-meter operators. It is the 
Unadilla/Reyco Interfilter, specifically 
designed for 6 meters. It's rated for 
full Amateur power over the range 
50-52 MHz and provides over 63 dB 
attenuation at TV channel 3. (Attenu¬ 
ation at channel 2 is somewhat less.) 
For full information on this interesting 
filter, write Unadilla/Reyco, 6743 
Kinne St., East Syracuse, New York 
13057. 


references 

1. Design and construction of trap antennas is 
covered in detail in Simple Low-cost Wire Antennas, 
by the author of this column. Available from Ham 
Radio's Bookstore for $6.95. 
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Introducing Garth Stonehocker, K0RYW, who will present a series 
of columns on propagation and DX forecasting. Garth is a physicist 
and electronics engineer with extensive experience in propagation 
forecasting. He was associated with the Central Radio Propagation 
Laboratory and also did short-term radio propagation forecasting for 
the North Atlantic Warning Service in Boulder, Colorado. 

First licensed in 1950 as W4RCF, then as W7R0Y, Garth has been a 
member of several DXpeditions in conjunction with propagation 
forecast studies. Among them were an expedition to Antarctica 
(KC4USK) in 1956-58 and to the Cook Islands (KH6MG/ZK1) in 
1958. Garth is a DXer and enjo ys recording DX signals from beacons 
for propagation studies. Editor 


New DXers 

Are you a new ham who has come 
onto the thrill of your first DX with 
that new rig for Christmas, or an old 
one that has taken time out from 
years of rag chewing for a renewed 
go at DX chasing? If either, you may 
be interested in some propagation 
fundamentals and a look at which fre¬ 
quencies to use for putting the signal 
where you want it. To get your signal 
there the loudest of the bunch and to 
receive his probably weaker signal 
(other countries usually have lower 
power limits) is the goal. This can be 
done by fine-tuning your system for 
the particular location of the DX of 
your interest. That is, the antenna 
and ionosphere can be coupled to¬ 
gether to increase the chance of their 
hearing you, and you hearing them, 
by the signal going to the right azi¬ 
muth and out to the right distance. 

The height of "reflection" in the 
ionosphere depends on the frequency 
band used. The angle of incidence in¬ 
to the ionospneric layer also affects 
what depth in the ionosphere the 


radio wave penetrates to be "reflect¬ 
ed." Your antenna system needs to 
feed the maximum power at the cor¬ 
rect vertical take-off angle to be maxi¬ 
mum at the correct distance away 
and the correct azimuth for the cor¬ 
rect direction (great circle bearing, 
usually). This is the best coupling to 
the ionosphere. The distances men¬ 
tioned in the band-by-band summary 
show how the frequency penetration 
into the ionosphere varies the signal 
distance from band to band. A differ¬ 
ent antenna should be used for best 
results in short skip and in long skip; a 
high take-off angle for short skip and 
a lower angle for long skip. Articles 
on antennas often mention the take¬ 
off angles, or you can consult the 
antenna handbooks. 

January is very similar to Decem¬ 
ber in propagation effects. The iono¬ 
sphere is a balanced energy system 
that changes slowly in its seasonal 
change from month to month. There 
is an intense but short meteor shower 
over a few hours sometime between 
January 2nd through 4th. It is known 
as the Quadrantid shower. 


Band-by-band summary 

Six meters will open occasionally for 
F2 long skip propagation with hops 
1,000-2,500 miles long and with many 
hops usable. The openings will follow 
the sun during the day and early 
evening. 

Ten and Fifteen meters will have 
openings similar to 6 meters, but 
more often and longer. Worldwide 
DX is usual from after sunrise until 
well after sunset during peirods of 27- 
day solar flux maxima. Short skip of 
1,200 miles maximum distance is also 
possible and will also be following the 
sun across the earth. 

Twenty meters will be open most all 
days and nights to some area of the 
globe, with long skip and plenty of 
short skip with similar distances and 
number of hops as the 15, 10, and 6 
meter bands. This is the workhorse of 
the bands. Tall towers and high 
beams or quads are a natural for long 
skip for this band. 

Forty and Eighty meters will be the 
most usable night-hour bands for DX. 
Most areas of the world can be worked 
between darkness until just before 
sunrise. Hops shorten on these bands 
to about 2,000 miles for 40 and 1,500 
miles for 80 meters, but the number 
of hops can increase, since signal 
absorption in the ionospheric D 
region is low during the night. The 
path direction follows the darkness 
across the earth, similar to the higher 
bands following the sun. Daytime 
short skip can be used during the day 
and night, particularly if low-height 
horizontal antennas (high take-off 
angle) are used. Vertical antennas 
over good ground systems give the 
lowest take-off angles for long skip 
on these bands. 

One-Sixty meters will be about like 
eighty meters and provide good stuff 
for the enthusiastic DXer who can 
come up with low-take-off angle an¬ 
tennas with good efficiency at the 
long wavelength of this band. 
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how accurate is that 
SWR meter? 

A friend recently contracted a radio 
operator's most dreaded ailment: re- 
flectophobia, the unwarranted fear of 
reflected waves on a transmission 
line. Fortunately, this was not a ter¬ 
minal case. I still remember the early 
morning phone call and the troubled 
voice saying, "Something is wrong 
with my antenna. The SWR won't go 
below 1.8." To make a long story as 
short as possible, there was nothing 
wrong with the antenna. The SWR 


low 1.8. This made me think about 
SWR meters and their accuracy. Is 
there a way to check the accuracy of 
an SWR meter without using expen¬ 
sive or complicated test equipment? 
There is. 

Basic transmission line theory tells 
us the SWR on the line will be the 
ratio of the load resistance to the line 
impedance. 1 If the load resistance 
equals the line impedance, the SWR 
will be 1:1. However, if the load resis¬ 
tance is either double or half the line 


impedance, the SWR will be 2:1. This 
is the key to a simple way to check 
the accuracy of an SWR meter. While 
it would be possible to use a 100-ohm 
resistor as a dummy load and meas¬ 
ure the SWR, this method has several 
limitations. If the resistor has a 10 per 
cent tolerance, its resistance could be 
anywhere between 90 and 110 ohms; 
and it might not provide an SWR of 
2:1. Additionally, carbon composition 
resistors can't dissipate more than a 
few watts, and anything but a QRP rig 
would overheat the 100-ohm dummy 
load. Using a wirewound resistor to 
increase the amount of power the 
dummy load can handle won't work 
because at higher frequencies the in¬ 
ductance of the wire in the resistor 
will have enough inductive reactance 
that the SWR won't be 2:1. Instead of 
using a 100-ohm dummy load with a 
50-ohm transmission line to obtain an 
SWR of 2:1, we can use a 25-ohm 
dummy load and obtain the same 
results. 

But where can I get a 25-ohm 
dummy load? It's easy. Just connect 
two 50-ohm dummy loads in parallel. 
Several commercially available 
dummy loads consist of a 50-ohm 
noninductive resistor in a bucket of 
transformer oil. The resistor itself can 
dissipate some power and the oil ab¬ 
sorbs the heat, effectively increasing 
the amount of power the dummy load 
can safely handle. 

Basic theory tells us the total resis¬ 
tance of two resistors in parallel 2 is 
R = * j| | - . In this case, both 

resistors are 50 ohms; thus R=25 
ohms. Since SWTi = ^load ' then 
Jj =2.1. The easiest way to con¬ 
nect two dummy loads in parallel is to 
use a coaxial T fitting (Amphenol 83- 
1T or equivalent) with short patch 
cords as shown in fig. 1. With two 
dummy loads in parallel, the load will 
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be 25 ohms and the SWR will be 2:1. 
If you are using a bidirectional watt¬ 
meter, the reflected power should be 
11.11 per cent of the forward power. 
That's really all there is to it. This 
method of checking the accuracy of 
the meter can be used for hf, vhf, 
QRP, or even CB. In fact, any fre¬ 
quency and power level within the 
meter's capabilities can be used. 

Now for the bad news. If your me¬ 
ter doesn't indicate an SWR of 2:1 
when connected between a 50-ohm 
transmitter and a 25-ohm load, there 
might not be much you can do about 
it. Many lower priced SWR meters 
don't have any internal adjustments 
for calibration. Check the schematic 
for your meter to see whether it has a 
calibration adjustment. Even if your 
meter doesn't have a calibration ad¬ 
justment, at least you'll know wheth¬ 
er it reads high or low. 
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Drake R-4C receiver 
audio improvement 

In the December, 1977, issue of 
ham radio, the article "Present-Day 
Receivers — Some Problems and 
Cures" suggests a 0.0015-^F capaci¬ 
tor be placed across R83 to correct a 
phase error in the Drake R-4C re¬ 
ceiver. 

I made this change and noted an 
improvement in audio quality. How¬ 
ever, I also found another problem. 
With a headset connected to the ear¬ 
phone jack and the receiver in a 
standby position, an annoying shot¬ 
gun noise was heard while transmit¬ 
ting. This noise was not noticed 
when the earphones were removed 
and the speaker alone was working. 

A quick check of the R-4C circuit 


aligning Yagi beam 
elements 

Assembling beam elements so that 
they are both in line with each other 
and parallel to the ground can be a 
frustrating experience when the eye- 



indicated that a 0.01-/iF bypass ca¬ 
pacitor was connected from the 
speaker terminal to ground. This ef¬ 
fectively bypassed any rf picked up 
by the speaker leads. However, when 
the headset is plugged in, this bypass 
capacitor is disconnected from the 
circuit. The addition of a 0.01-^F ca¬ 
pacitor from earphone jack to ground 
bypassed any rf picked up by the 
headset leads, and the problem was 
solved. Another solution is to remove 
the present 0.01 -/iF capacitor and re¬ 
connect it so it appears across both 
the earphone and speaker leads to 
the output transformer. 

Bernard White, W3CVS 


75S-3 alignment 

During a recent rf circuit alignment 


ball or ground-assembly methods are 
used. The scheme shown in fig. 2 is 
effective in providing a neat installa¬ 
tion in a few minutes, and doesn't re¬ 
quire any special tools other than a 
small level. 

Roy Lehner, WA2SON 



procedure on my Collins 75S-3 re¬ 
ceiver, I found a slight alteration that 
proved to be very beneficial to the re¬ 
ception of 10-meter signals. The mod¬ 
ified procedure has been repeated a 
number of times with equal results. 

The rf alignment procedure in the 
instruction manual is followed from 
steps a through f. After step f, re¬ 
peak the OSC, RF, and ANT slug ad¬ 
justments on the moveable platform; 
only a minor readjustment will be 
necessary. Once this is accom¬ 
plished, continue with steps g 
through o. Then recheck the RF and 
ANT trimmer capacitor adjustments 
at 3.7 MHz. Again, a slight readjust¬ 
ment will suffice. 

The foregoing should result in a 
marked improvement in the reception 
of 10-meter signals. 

Paul K. Pagel, N1FB 
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S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


TUBESTERS™ 

• S-line performance-sol id state! 

• Heat dissipation reduced 60% 

• Goodbye hardto-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two lubes, 
and are guaranteed for so long as you own 
your S-llne. 

SKVTEC Write or phone for 

Box 535 specs and prices. 

Talmage. CA 95481 (707) 462-6882 


SYNTHESIZED 

SIGNAL GENERATOR 



• Covers 100 to 179.999 MHz In 1 kHz steps with 
thumb-wheel dial • Accuracy .00001% ai all fre¬ 
quencies • Internal frequency modulation Irom 0 to 
over 100 kHz at a 1 kHz rate • Spurs and noise at 
least 60dB below carrier • RF oulput adjustable Irom 
5-500mV across 50 ohms • Operates on 12vdc @ 
Vi amp • Price $329.95 plus shipping. 

In stock tor Immediate shipping. Overnight 
delivery available at extra cost. Phone: (212) 
468-2720. 

VANGUARD LABS 

196 23 Jamacla Ave. Hollis, NY 11423 


TRANSMITTER TECHNICIANS — Voice ol America has 
overseas positions available al supervisory and oper- 

Duties Include operation and maintenance ol high power 
VOA transmitters and related (acuities. Applicants must 
have 3 to 5 years **hands-on** experience in technical 

transmitters. Must be available on a worldwide basis to 
serve In VOA's radio relay station system. U.S. citizen¬ 
ship required. Starting salary commensurate with quail- 

federal fringe benefits apply. Qualified candidates 
should send standard Federal application form SF-171 to 
International Communication Agency, MGT/PDE, 1776 
Pennsylvania Ave., Washington, D.C. 20547, An Equal 
Opportunity Employer. 

QSLs & RUBBER STAMPS - Top Quality! State Outline, 
Straight Key Cards and Other Designs! Report, Call and 
Address Stamps — Morel Card Samples 6 Stamp Info — 
50c. Ebbert Graphics 5H, Box 70, Westerville. Ohio 


ATLAS DD6-C and 350XL Digital Dial/Frequency Count¬ 
ers. $175.00 plus $3.00 UPS. AFCI Slop VFO drift. See 
June 79 HR. $65.00 plus $3.00 UPS. Mical Devices, P. O. 
BOX 343, Vista, CA 92083. 

SELL: TS-120S, mint, $575; HQ-170AC-VHF, manual 
$160; MFJ-752 Superf liter. $55; Drake SSR-1, $180; Viking 
Adventurer. VF-1 VFO, $50; Add UPS. WA7ZYQ, 
208-245-2070. 

ROHN TOWER - Buy dlrecl from Worldwide distributor 
of all Rohn products. Sample prices • 25G sections 
$38.72 each. 45G sections. $88.00 each, FK-2548 fold- 
over tower with freight paid $693.00, BX-48 free standing 
$218.90. HIM Radio. Box 1405, Bloomington, IL 61701, 
(309)663-2141. 

KENWOOD TS-700A. 2 meter All-mode with factory sub¬ 
band modification. All papers, acces., boxes. $400 
prepaid. Allen Klrchner, WA4ZKW. 156 University Pky., 
Aiken, S.C. 29801.803-649-7535. 

ANTENNA TOWERS. Heavy duty, hot dipped galvanized 
Beach, Box 6068, Voro Beach, FL 32960. 

WANTED: Cushman Communications Service Monitors, 
working or non-working units. Also need plug-ln mod¬ 
ules, manuals, parts, etc., will pay cash or take over pay¬ 
ments. Also need RF voltmeters: WB8IJX, Fred L. 
Slaughter, 5844 Grlseli Road, Oregon, OH 43618. Phone 
(419)698-8597. 

MUST SELL — Need money for college: Atlas 110$ 
deluxe SSB/CW Transceiver with AC supply, CW filter 
and RIT. Choice ol 250 or 20 watts. Excellent with war- 



ELECTRONIC BARGAINS. CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo. Industrial, educational. Amaz- 

catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, NY 12901. SURPLUS WANTED. 

DIRECT CONVERSION RECEIVER KITS. Write Dlrecl 
Conversion Technique, Box 1001, Dept. JFM, 535 No. 
Michigan Avenue, Chicago,IL 60611. 

ELECTRONIC COMPONENTS: Integrated Circuits, 
Linear, TTL, CMOS, Low Prices on Capacitors. Resistors 
5% Carbon Film Factory Fresh 1/4 Watt $1.65 Per Hun¬ 
dred, 1/2 Watt $1.75 Per Hundred. 1C Sockets. Trim Pots 
and More. Send for FREE Catalog. Westland Electronics, 
34245 Ford Rd.. Westland, Ml 48185. (313) 728-0650. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available mosl engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 96362. 

ETCH IT YOURSELF PRINTED CIRCUIT KIT, Photo-Posi- 
live Method — No darkroom required, All the supplies 
for making your own boards, direct Irom magazine arti¬ 
cle in less than 2 hours. Only $24.95, S.A.S.E. for details: 
Excel Circuits Co., 4412 Fernlee, Royal Oak, Ml 48073. 
T.V* CAMERA, Zoom Lens, 2:1 Interlace Optical 
Viewfinder. Ready to use on ATV, SSTV, Security or your 
Computer Portrait System. Good Used Condition with all 
cables and Instructions. $150.00. Alltronlcs. 15460 Union 
Avenue. San Jose, CA 95124. (408) 371*3053. 


Coming Events 

ILLINOIS: Over the hills and thru the woods to Wheaton 
Community Radio Amateurs Hamlest we go. For the bar¬ 
gains and buys and to meet all the guys, come to the 
best Winter Hamlest in the U.S.A. — January 25,1981 - 


r-- 

l COPY RTTY, ASCII 
5 and Morse 
! from the palm 
j of your hand. 



Have you waited to get into 
code reading until you found 
out what this latest fad was 
about? You can stop waiting, 
because it's no longer a fad. 

Amateurs everywhere 
are tossing the gigantic 
clanking monsters of yester¬ 
year that once performed 
the job of reading 
radioteletype. They are trad¬ 
ing them in for state-of-the- 
art code-reading devices 
that are incredibly small, 
noiseless if desired and in¬ 
finitely more versatile than 
their antique predecessors. 

Kantronics, the leader in 
code-reading development, 
has just introduced the latest 
and most-advanced break¬ 
through in the copying of 
Morse code, radioteletype 
and ASCII computer langu¬ 
age. 

The Kantronics Mini- 
Reader reads all three types 
of code, displays code speed, 
keeps a 24-hour clock, acts as 
a radioteletype demodulator 
and reads all of its decoded 
information out on a travel¬ 
ing display of 10 easy-to-read 
characters. It is so compact 
that it fits in a hand-held, 
calculator-size enclosure. 

At $314.95, the Mini-Read¬ 
er outperforms anything 
within another S400 of its 
price range. 

Call or visit your Authoriz¬ 
ed Kantronics Dealer now to 
find out what the latest in 
technology has done to 
code-reading. 


K£ Kantronics 

(913)842-7745 
1202 E. 23rd Street 
Lawrence, Kansas 66044 


More Details? CHECK-OFF Page 110 
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? Observation 
& Opinion 




The urge to compete seems to be a part of human nature. Amateur Radio has its share of competi¬ 
tion: DXCC, T-Hunts, Reid Day. Competition stimulates people to improve, and that's healthy. 

Another contest, which was popular years ago but which hasn't received much publicity recently, 
is the world high-speed CW championship. This is the challenge of challenges for operating skill: to 
break the record of Ted McElroy, ex-WI JYN, who made the Guinness Book of World Records by 
copying Morse code at a speed of 75.2 words per minute in a contest at Ashville, North Carolina, on 
July 2,1939. Ted's record still stands. It's time for someone to try to break it. 

Many readers will sniff in disdain at such a contest: "Who needs it?" "What will it prove?" I'm here 
to tell these people that Morse code is here to stay, like it or not. 

Since I became editor of ham radio, I've received many letters from readers who scoff at the Morse 
code requirement in the Amateur license examination. For the most part, their reasons are that 
Morse isn't necessary for today's communications. I won't argue this point except to say that these 
people are somewhat misguided and know not whereof they speak. Listen to the parts of the 
Amateur bands devoted to traffic handling, the extra-class sub-bands, the Novice bands. It's CW, in 
whatever form. 

A contest to break the world's record in Morse code reception is challenging, exciting, and in the 
best tradition of Amateur Radio for those who like to compete. Ted McElroy's record has been 
unbroken for 42 years. Who will be the next champ? 

We at ham radio are proposing a contest for those who wish to try to break Ted's record. The con¬ 
test will be conducted under official rules similar to those in effect during the contest in Ashville, 
North Carolina, in 1939. Appropriate prizes will be awarded to the winners. 

Right now the contest is in the planning stage. The first contest will probably be held at one of the 
larger ham conventions in the spring of this year. We haven't yet decided which convention it will be. 
At any rate, the contest will be held under strictly controlled conditions, in a room devoid of distrac¬ 
tions and noise. A contest of this sort must be done by the rules to guarantee fairness to all. 

More information on the contest will be upcoming in future issues of both ham radio and HR 
Report. Look for it and plan to enter. CW is certainly not dead! 

Our ex-Horizons readers will find some familiar topics in this issue: an equipment owner's ques¬ 
tionnaire on three popular transceivers, Bill Orr's column on "Ham Radio Techniques," and of course 
Garth Stonehocker's "DX Forecaster." Next month we'll have the results of the Collins KWM2 and 
KWM2A equipment survey. Also look for the popular Q and A column and an interesting article by 
W7JWJ on the world's champion high-speed Morse code operator. 

Alf Wilson. W6NIF 
editor 
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hyperbolic navigation 

Dear HR: 

Amateur Radio experts often rein¬ 
vent the wheel in novel ways. A case 
in point is the article in ham radio, 
September, 1980, by Henry S. Keen, 
W5TRS, on "Navigational Aid for 
Small Boat Operators." The whole 
idea here is basically a hyperbolic 
navigation method and is markedly 
similar to the DECCA system used in 
Europe for many decades. DECCA 
operates on harmonic-related fre¬ 
quencies in the 75 kHz to 150 kHz 
range and uses exact integral divisors 
or multipliers as the intermediate beat 
frequency, very similar to Keen's idea 
of the second harmonic or subhar¬ 
monic of the beat note. A problem 
that Keen has not addressed is that of 
"lane jumping," or resolution. At 
transmitter frequencies in the IO¬ 
meter range, the lane width between 
adjacent hyperbolas will be 5 meters, 
which taxes the resolution of the 
phase detector (and the steering navi¬ 
gator) for keeping track of which 
hyperbola the navigator is seeking. 

At short ranges (a few miles), the 
use of the 1-watt-limit, 1750-meter 
experimenter band at 160 to 190 kHz 
might possibly make Keen's idea 
practical with lane widths of 1/2 
wavelength or 875 meters for one 
cycle of phase change of the beat 
note. Thus 875 meters becomes 360 
degrees of the phase detector output. 
Typical phase detectors resolve to 1 
per cent or so at audio beat frequen¬ 
cies, so in practice 8.75-meter resolu¬ 
tion of the path over a particular 
hyperbola might be resolved. 

Another system is available from 


Hastings-Raydist Division of Tele¬ 
dyne Corporation. This has used 
transmitters in the 500 kHz to 2.5 
MHz range, with hyperbolas 100 me¬ 
ters apart and resolution to within 1 
meter. Still other worldwide hyper¬ 
bolic navigation systems like OMEGA 
(10.2 to 13.6 kHz) and LORAN-C <100 
kHz) use time-sequenced bursts or 
pulses to enable a large number of 
stations to all transmit on the same 
frequency and very effectively meas¬ 
ure phase difference by the time of 
arrival or sequential memory-aided 
phase-locked loop methods. The very 
high power (1 megawatt) Navy vlf 
communications transmitters oper¬ 
ating in the 14 kHz to 20 kHz range 
have also been used for worldwide 
navigation. Here, they are all atomic 
clock controlled, so all one has to do 
in principle is to convert the receiver 
measurement to a common i-f in the 
audio range at something like 100 Hz. 

There are a great many pitfalls in 
devising new navigation systems that 
have been thoroughly worked over in 
the past 50 years. A general reference 
on the subject is Kayton and Fried 
Avionics Navigation Systems, John 
Wiley & Sons, published in 1969. 
Another reference, particularly on the 
early history of hyperbolic navigation, 
is NBS Monograph #129, "The Devel¬ 
opment of LORAN-C Navigation and 
Timing," U.S. Government Printing 
Office, $4.50, published October, 
1972. A major problem with any CW- 
type hyperbolic system is that of 
proper lane identification; that is, 
how does the navigator know where 
to start the phase measurement, 
which lane or which line of position is 
he on? The SHORAN system that 
Keen mentions is not a CW hyperbol¬ 
ic method but rather a direct ranging 


time of arrival of pulse technique 
operating in the 200-300 MHz range. 
CW hyperbolic systems have largely 
been replaced by direct ranging ideas 
using coherent phase-locked trans¬ 
ponders, but this always makes the 
system hardware more complex. 
When engineers think about these 
methods, what invariably happens is 
that the actual working hardware be¬ 
comes much more complex and ex¬ 
pensive than the inventor originally 
intended. Also, it is very hard these 
days to come up with something 
new. There are so many people think¬ 
ing about the same idea at any given 
time that ten people will come up 
with the same idea at once, and there 
is just too much prior art to study. 

Ralph W. Burhans 
Athens, Ohio 

RST 

Dear HR: 

I would like to make a comment to 
the "Observations & Comments," 
ham radio, September, 1980.1 whole¬ 
heartedly agree with the idea of 
changing the RST system to some¬ 
thing like Q1-Q2-Q3 as reporting sig¬ 
nal conditions. 

I am not a DXer or contest man, 
but I have put in some time logging 
on Field Day. It sure looks ridiculous 
to see the whole log with just RST 
599. The RST system doesn't give a 
true picture of conditions. I like the 
Q1-02-03 because it seems to cover 
the total spectrum. But as it is done 
now, the whole contest report could 
be just all Q3s. Just for the record I 
think I will start using this system of 
Q1,2,3 and wait and see how many 
ask about it. It is worth a try. 

George F. Schmidt, W0UCK 
St. Louis, Missouri 
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presst®p 

PLAIN LANGUAGE AMATEUR RULES docket released In the form of a Notice of Proposed 
'Rule Making, PR Docket 80-279, includes both the texts o£ the present Part 97 rules 
and the proposed rewrite, plus explanations. It was printed in the Federal Register 
of December 19 /, . b ’ % r «* 

SignIficarit Changes . such as the deletion of all logging requirements and addition 
Of a requirement that licensees must keep a copy of the Amateur rules.on hand, also 
include a warning that the FCC can inspect, a station "at any.time during the business 
day or any time your station is transmitting or has just finished transmitting." The 
new rules no longer tell an Amateur how he should make various measurements.but only 
how the FCC inspector would make than during a station visit. Thevproposed new-rules 
; also clarify rules on interconnects (phone patches), antenna heights,,' and emergency 
and prohibited communications . They also- include much more information ,'on exams;, both 
written and code, and propose that applicants with FCC Commercial' CW -licenses, get 
, credit for the equivalent Amateur CW exam. The rewrite, also- endeavors to consolidate 
and reorganize the rules into a more concise and logical arrangement. 

In Addition To Being Printed in December 19’s Federal Register, .PR Socket 80-729 is 
also available in limited quantities from the FCC Office of-Consumer Assistance, Room 
258, 1919 M Street NW, Washington, D.C. 20554. Comments won’tbe.due'until June 19, 

1981, and Reply Comments on August 19. 1981. j, i ’ 

ITALIAN EARTHQUAKE AREA COMMUNICATIONS depended very heavily on Amateur Radio until 
telephone and other services were partially restored in mid-December, with Amateur 
Radio still providing a major channel for relief traffic, ^'initial .traffic from the 
disaster area included casualty lists , relayed from VHF links: :in ;the.,area by 18ULL 
near Naples. Many stations throughout the <U.S. and Canada: participated, with KA1BQ 
and WB2FID leading the action cm 28802 mornings and 14240 laterinvtheday when con¬ 
ditions permitted. 

The Need For Transatlantic Relief communications links- should continue for at least 
several more months, because of the extent of the damage .(over 26,000 square kilometers 
devastated) and the magnitude of the U S -originated relief ^effort'’KAIBQ (18C2W) left 
for Italy last month to work on the scene and attempt to convince the Italian govern¬ 
ment to continue its third party OK. 

I8ULL, Principal Terminal for U.S./Italy traffic, has been shut dowjv several times 
by aftershock damage. KLM donated a replacement beam,,which'Alitalia shipped to Naples, 
to that station 11 tT, % . ‘■r."','' 1 .' 

Participants In Relief communications represent all ethnic, backgrounds, KA1BQ noted, 
a graphic demonstration of the fraternal character of the Amateur Radio service. 

30-METER BAND OPERATION was begun in early December by VE3QB,, using Jhis Canadian 
■ commercial callsign, VE9LFZ, for preliminary one-way-transmissions with partner VE9LIN 
(VE3BPD). They plan to operate daily at 1500, 1700, and 1900Z,.plus random times eve¬ 
nings starting at 2200Z. CW and (later) ASCII will be the modesusing' 10,101 and 
‘10.149 MHz. > ;■ > ' 

VE9LFZ Was Solid Copy oh 10.101 MHz in the "Midwest Thanksgiving afternoon, with a 
mote than hour-long transmission that peaked as high as 5-6 even though harry was run¬ 
ning only 5 watts to an inverted V. These are test transmissions only ;' authorized by 
the Canadian government, and Amateur operations-on this band wi ll' .be- Illegal until 
January, 1982. 1 

CALIFORNIA BRUSH FIRES , which destroyed about 350 homes and burned hutidreds of 
thousands Of acres in December, brought out plenty of volunteer Amateur Radio support. 
More than 30,000 acres burned east of El Toro, where more than :50-operators'used 
W6TI0/R and simplex channels to provide Red Cross, paramedics, ; and fire headquarters 
with needed radio services. A link with the National Traffic. System was also set up 
providing health-and-welfare communications for the fire fighters, who came in from a 
seven-state area. . 

Another 150 Or So Amateurs served in San Be'mardino/Riverside areas, where;, along 
with many CBers, they provided communications for the Lake Arrowhead Evacuation Center. 

Another Fire In The Big Basin Redwood State Park destroyed 350 acres of young red- 
woods there. Sixty-five-year-old K6TEH set up his portable 34-94 repeater there at 
the request of the Division of Forestry . A dozen others also - took -part . : 

PHASE III OF FCC'S CALLSIGN assignment;system went into effect December 15, and with 
it all license classes except Novice became eligible to request callsign changes. Any 
Amateur who now holds a callsign not appropriate for his license class (-1x3^ for General/ 
Technician, 2x2 for Advanced, lx2/2xl for Extra) may request a change to a callsign of 
the proper format, though without any choice as to the specific callsign he will receive. 

FCC's New Form 610 (August, 1980 edition) is required by Phase III, so all previous 
editions are now obsolete and may not be used. As before, licensees still have the op¬ 
tion of retaining their old callsigns when upgrading or changing call areas. A new call- 
sign will not be assigned unless it's specifically requested by the licensee's having 
checked item 2F on the new Form 610. ■■■.-. 

Though Both The 4th and 6th call areas are running low on 2x1 callsigns for Extras, the 
Commission does not expect to be ready to go back to 1x2s until 1983 at the earliest. 
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for preamplifiers 
and converters 


automatic 

noise-figure 

meter 

receiver when its input is terminated in a 50-ohm 
resistor at a temperature of 290 K (62 F), then 

N, = Nra + 'V-/-G (3) 

where N RA = receiver added noise power 

N T = termination resistor noise power 
G = receiver gain 


A recent article by W6NBI 1 describes an easily 
duplicated temperature-limited diode noise generator 
and power supply. This generator provides both a re¬ 
producible source of noise and, by measuring the di¬ 
ode plate current, an easy method to measure the 
noise power output of the source. As will be discussed, 
verification of a receiver's noise figure by the use of 
this generator is straightforward, using either the 
^-factor or twice-power methods. 

Optimization of the noise figure of a receiver is 
quite tedious because each time a parameter is var¬ 
ied, two measurements (insertion of a pad and some 
calculations) are required. Also, since the two meas¬ 
urements are taken at different times, any gain drift 
in the system will introduce error into the measure¬ 
ment. If you are willing to restrict the noise source to 
a temperature-limited diode, it's possible to build a 
very accurate automatic noise-filter meter that avoids 
some of the compromises multisource meters must 
make to accommodate different sources. 

derivation of the noise-figure concept 

Noise factor (F) of a receiver is defined as 
F _ S/N[(Ideal Receiver) _ N A 

S/N A (A dual Receiver) N/ 

_ Noise Power Actual Receiver jlj 

Noise Power Ideal Receiver 

and in logarithmic terms 

Noise Figure (NF) = 10 log F (2) 

It's important to keep the log NF terms and the 
numerical ratio F terms separate in your mind; if you 
mix them up you'll make errors when calculating cor¬ 
rection factors. 

If we call N { the noise output power from the 



If we then apply an excess noise to the receiver in¬ 
put we can define: 

N 2 = N ra + NtC + (EN)G (4) 

where EN = excess noise power. 



Noise power (N) = kTB 

and k = Boltzman's constant 1.374 x 10 ~ 2} . 

T = absolute temperature °K (°C + 273°) 

B = bandwidth 
then 

N t = k TqB (5) 

where T 0 = 290 K (62 F) (by IEEE Convention) 

EN = kTB (6) 

where T = effective temperature of the 
excess noise source in °K. 

The definition of the noise factor of a receiver (eq. 1) 
is 

F _ N a _ N, 

N[ kTgBG 


By Edward T. Gisske, K9IMM, 7256 Mineral 
Point Road, Verona, Wisconsin 53593 
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The amount of noise added by the receiver is 
N 2 _ kTpBG + (F- 1) (kTpBG) + kTBG 
Nj kTpBG + (F-1) (kTpBG) 

FTo+T-T 0 
FTo 



Ni 


or, in dB 

NF= 10 log (I=p) -10 log (jg-l) (8) 

The first term is equal to the excess noise ratio (ENR) 
of the source expressed in dB 

NF = ENR (dB) — 10 log -ij ( 9 ) 

The term N 2 /Nj is referred to as the y-factor and is 
used by automatic noise-figure meters such as the 
HP-340 series to measure noise figure in the follow¬ 
ing manner: 2 

With reference to fig. 1, note that the source is 
gated on and N 2 is measured; then the source is 
gated off and JVj is measured. This sequence is re¬ 
peated at about a 500-Hz repetition rate. The ENR of 
the source is known, and N 2 is used to set the gain of 
the i-f amplifier so that N 2 is a fixed output regardless 
of the receiver gain. Then, by measuring Nj, the ratio 
N 2 /Ni is known. The meter is calibrated to solve the 
equation: 

NF = ENR-10 log (JjL-l'j (10) 


circuitry must also be linear over a range of age levels 
to get a valid Nj measurement. 

Another noise-figure measuring method, usually 
used for manual measurements, is called the twice- 
power method. This method forces N 2 = 2N t by ad¬ 
justment of the source ENR. 

NF = ENR(dB) — 10 log _ A 

N z = 2Nj 

= ENR — 10log -lj 

NF = ENR (11) 

Fig. 2 shows a block diagram of the measurement. 
In practice, the measurement is performed as fol¬ 
lows: with the noise source off and the pad out of 
the circuit; the power meter reading is noted. The 
source is then activated and the 3-dB pad inserted in¬ 
to the circuit. The source ENR is adjusted to produce 
exactly the same reading as before. When this condi¬ 
tion is satisfied, the ENR of the source is equivalent to 
the receiver noise figure. The ENR of the source is 
usually adjusted by padding the source with a preci¬ 
sion variable attenuator. 

The attenuator setting is subtracted from the 
known ENR of the source to compute the receiver 
noise figure. This works for temperature-limited di¬ 
ode, argon discharge, or semiconductor diode 
souces. With the temperature-limited diode, an addi¬ 
tional method of adjusting source ENR is to adjust the 
diode plate current (by varying the filament current) 
and thus vary the effective source temperature. Co¬ 
incidentally, in a 50-ohm system, the noise factor 
p 3 diode plate current and noise figure, NF & 10 
1000 


This ratiometric measurement factors receiver gain 
out of the measurement, so it's possible to tune for 
minimum noise figure without recalibration. Note 
that the i-f amplifier age loop must be very tight, as 
the measurement depends on maintaining a constant 
reference iN 2 ) level. The i-f amplifier and detection 


"The transition from aq. B to eq. 7 may not be obvious to some readers, in 
view of the appearance of the term (F-1). The equation for N 2 /N, is cor¬ 
rect, however, as the following shows: 

By definition, the noise temperature, T. of the input terminating resistor 
is related to the equivalent noise factor, F, contributed by the terminating 
resistor by the relationship 

T = T„(F- 1) 

rearranging 

f = (F-l) 

therefore 0 

(F-1) (KTgBG) = X (KTgBG) = KTBG 

Note that if T = Tg, (F-1) = 1 (F-1) accounts for the noise power at 
the amplifier output due to the input terminating resistor operating at some 
temperature T°K. When T * Tg, then a correction for overall noise figure 
is made. Editor. 


log I(mA). (See reference 1 for a derivation of this re¬ 
lationship.) The advantage of the twice-power 
method over the y-factor method is that the power¬ 
measuring circuit is always operated at the same sig¬ 
nal level; therefore linearity of the amplifiers and de- 
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tector in the circuit has no effect on the accuracy of 
the measurement. 

an automated twice-power 
measurement system 

Commercial automatic-noise-figure (ANF) meters 
use the>-factor method because they're designed to 
work with a combination of sources, argon dis¬ 
charge, semiconductor or temperature-limited diode, 
necessary to cover a wide range of frequencies up to 
the GHz region. Frequencies of major interest to 
Amateurs are in the 10-600 MHz region. This allows 
the use of the temperature-limited diode as the only 
necessary source and greatly simplifies the measure¬ 
ment problem. 

With reference to the block diagram of fig. 3 and 
the timing chart in fig. 4, note that the noise source 
is gated both in the filament circuit and in the plate 
circuit. The plate gate turns the source on or off, and 
the filament gate adjusts the ENR by pulse-width 
modulating the filament current. Because of its long 
thermal time constant, the filament is not used for 
noise source on-off gating. 

The receiver under test can be any combination of 
amplifiers and/or mixers with an output frequency of 
28 MHz and an output impedance of 50 ohms. 

The ANF-meter input is through an electronically 
switched 50-ohm 3dB attenuator. This pad is switched 
into the circuit when the source is on, and out of the 
circuit when it is off. A train of noise pulses from the 
attenuator is fed to the i-f amplifier, which amplifies 
the noise pulses to a usable level. The input level of 
this meter should be 7 *iV (-90 dBm) or greater for 
proper operation. 

The i-f strip output is detected with a half-wave 
hot carrier diode detector and fed through an amplifi¬ 
er to the two sample-and-hold (S&H) amplifiers. The 
S&H amplifiers are circuits that will follow the input 
voltage when in sample mode and hold the final volt¬ 
age of the sample period in hold mode until updated 
with a new sample pulse. S&H 1 samples the last half 
of the attenuator out-source off period. Sampling is 
done in the last half of the period to allow attenuator 


and source switching transients to die out. S&H 2 
samples the last half of the source on-attenuator in 
period. The outputs of these two S&H amplifiers are 
presented to the comparator. If the comparator de¬ 
cides S&H 1 output is higher than S&H 2, it turns on 
the source filament. If S&H 2 output is higher than 
S&H 1, it turns off the filament. This sample-and- 
compare cycle is repeated at a 170-Hz rate. 

At this update rate, the filament thermal inertia will 
average the on and off pulses to give a filament tem¬ 
perature corresponding to exactly 3 dB ENR. The 
S&H 1 output is fed back to the age input of the i-f 
strip to reduce the i-f gain for converters or amplifiers 
with very high gain or poor noise figure. This is a 
rather loose age loop but, for this applicaton, where 
the sample-and-hold amplifiers are compared only to 
see which one is higher, it's only necessary to keep 
the i-f output within the common-mode range of the 
comparator and the linear range of the sample-and- 
hold amplifiers. The age loop time constants and 
loop gain are somewhat critical because this is a sam- 
pled-data servo loop. Such loops, unless properly 
compensated, will tend to be unstable. Linearity of 
the system is unimportant, as the i-f amplifier, the 
detector and the S&H preamplifier are all working at 
the same level of noise when the system is in 
balance. 

The source plate current is detected as a voltage 
across the 100-ohm resistor in the source plate sup¬ 
ply return. As this current is being pulsed by the gat¬ 
ing circuitry, S&H 3 is needed to sample during the 
source on period and hold during the source off peri¬ 
od. S&H 3 output, which is proportional to the 
source plate current, is supplied to the log amplifier, 
which converts noise factor to noise figure and al¬ 
lows the meter to have a linear scale. The log amplifi¬ 
er output feeds a "perfect" rectifier, which ensures 
that only positive voltage reaches the meter. The 
summing junction of this op amp makes a handy 
place to supply a calibrated offset voltage to add or 
subtract a correction factor for the source ENR vs. 
frequency error and for loss pads. 

manual noise figure measurement 
circuit 

This meter can also be used for manual twice- 
power-method noise figure measurements when it is 
difficult to get a 28-MHz output from the receiver 
under test. In this mode the source is turned on all 
the time, and a comparator monitors a voltage cor¬ 
responding to desired plate current (set by a front- 
panel pot) and the voltage across the meter. When 
the meter voltage is higher than the set-point volt¬ 
age, the filament is turned off and vice-versa. When 
the source is adjusted to give exactly 3-dB ENR, the 
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fig. 3. Automatic noise-figure measuring system using the twice-power method. System is designed 
for use in the 10-600 MHz region, which allows the use of a temperature-limited diode as the only nec¬ 
essary noise source, thus greatly simplifying the measurement problem. 


noise figure can be read directly from the meter. The 
i-f loop is disabled during operation in manual mode. 

circuit details 

Fig. 5 shows the noise-figure meter schematic. 
The noise source can be either an HP-343A or the 
homebrew 5722 source described by W6NBI 1 . I pre¬ 
fer the 5722 source because the price for the tube is 
$9.00 compared to the $90.00 that HP charges for 
their noise diode. The homebrew source, if carefully 
constructed, should be as good as the HP source. 
The meter power supply is a fairly conventional 
± 15V regulated supply. The 10-/*F bypass capacitors 



for U13 and U14 should be mounted immediately at 
the device terminals or oscillation is a likely result. 

The source has a grounded plate, so the 200-volt 
plate supply has its positive end grounded through 
the gate transistor, Q1, and the current measuring 
100-ohm resistor. Q1 and Q4 form a quasi-Darlington 
switch designed to minimize base current injection 
into the current-measuring circuit. The negative end 
of the plate supply is fed up the filament line to the 
source. Q2 gates the filament current, and the 6.2- 
volt zener diode ensures that the maximum filament 
voltage is 4.9 volts. Q2 is driven by opto-isolators, as 
it is floating 200 volts below ground. 

The receiver noise output is applied to the elec¬ 
tronically switched 3-dB pad at the input to the i-f 
strip. When the voltage at point D is +15 volts, CR5 
is turned on and CR4 and CR6 are back biased. This 
removes the pad from the circuit. When point D is 
grounded, the pad is switched into the circuit by CR4 
and CR6, while CR5 is back biased. This pad should 
be symmetrically constructed using minimum lead 
lengths. The ultimate accuracy provided by the ANF 
meter depends on the accuracy of this pad. One- 
quarter-watt carbon film resistors and small disc cer¬ 
amic capacitors should be used for best results. The 
output of the pad is connected to the next stage 
through a highpass filter to reduce the effect of 
switching transients on the next stage. Q4 is a broad¬ 
band amplifier designed for 50-ohm input and output 
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impedance and has 10 dB gain. A diplexer interstage 
network tuned to 28 MHz feeds another 11-dB 
broadband amplifier. The broadband negative feed¬ 
back amplifiers are used to ensure unconditional sta¬ 
bility and proper wideband termination for the pad. 

U15, an MC 1590G, provides the bulk of the gain 
[50 dB) as well as a 60-dB age range. Both input and 
output of this amplifier are tuned to 28 MHz; since it 
packs a lot of gain into a small package, shielding is 
necessary for stability. A hot-carrier diode coupled to 
the MC 1590 tank is the detector, and the 360-pF ca¬ 
pacitor provides light filtering of the detected noise 
level. Averaging of the noise level is done by the 
memory capacitors in the sample-and-hold amplifi¬ 
ers. The detector output is coupled to U4A, which 
has a dc gain of 31 and provides some additional 
filtering. 

Nj and N 2 pulses are separated by the sample-and- 
hold amplifiers U5 and U6. Q3 buffers the output of 
U5. The 6.2 V zener diode and forward-biased silicon 
diode level-shift the age for the MC 1590. The age 
level starts at 6.8 volts and goes up with increasing 
signal level. 

U7B compares Nj and N 2 levels and decides 
whether or not to turn on the filament in the source. 
U7A is another comparator that decides if there is 
sufficient noise signal for an accurate measurement. 
If the Nj pulse level is too low, the front panel "low 
gain" LED is lit, and the cathode of the LED in U8 is 
elevated to +15 volts. This action disables the fila¬ 
ment circuit, keeping the terminating resistor cool 
and saving the noise tube. 

U1, U2, and U3 compose the timing circuit for 
generating the gate signals. U1, an NE555V, func¬ 
tions as an astable multivibrator at 340 Hz. U2, a flip 
flop, divides Ul's output by 2 and by combining U2 
and U1 outputs in U3, the nonoverlapping quadra¬ 
ture sampling pulses are synthesized. In the manual 



PC board. 



mode, U2's reset input is held high. This action en¬ 
ables the source continuously and U9, the meter cir¬ 
cuit sample-and-hold amplifier, operates at a 340 Hz 
rate. In the automatic mode U9 samples during the 
last half of the source-on period and supplies a 
smoothed voltage proportional to plate current to the 
log amplifier, U12. The signal at the output of U12 
corresponds to noise factor x 0.1, which the log 
amplifier converts to noise figure. This chip is quite 
expensive (about $35) and can be eliminated if the 
meter is recalibrated. The meter will now read noise 
factor and should have 3 mA and 30 mA full-scale 
positions. If you decide not to use the log amplifier, 
pull U12 and disable U10B by removing its external 
components. Connect points Y together and do not 
install the compensation pot, R1, or its switch. 

U10B, a perfect rectifier, blocks negative voltages 
from pinning the meter down-scale. U12 output is 
negative for source plate currents of less than 1 mA 
and - 15 V for zero plate current. U10A is the com¬ 
parator for the manual mode. It decides if the source 
current, as represented by a voltage across the meter 
circuit, is higher or lower than the desired current, 
set by the front panel manual-current control. The 
4.7 megohm resistor between the output of U10A 
and its noninverting input supplies a minor amount of 
hysteresis, and the 4.7 megohm resistor between the 
inverting input of U10A and +15 V swamps out any 
offset in U10A and ensures that the plate current of 
the source can be zeroed with the manual current 
control. 
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construction 

The i-f strip is built into an enclosure made of 
double-sided PC board. All voltages are brought into 
the strip through feedthrough capacitors. Button 
ceramic capacitors are used for bypass purposes, 
and ceramic standoffs are used for unbypassed tie 
points. Even though the i-f strip operates at 28 MHz, 
the F t of CM and Q5 is 1.4 GHz, and the MC 1590 op¬ 
erates up to 300 MHz; therefore vhf construction 
techniques must be used to ensure stability. A shield 
should be mounted across pins 8 and 4 on the MC 
1590 to isolate the input and the output of this stage. 

The logic and analog circuits are all on the PC 
board. Sockets should be used for the integrated cir¬ 
cuits as some must be pulled during calibration. All 
resistors are 1/4 watt 10 per cent tolerance, and all 
capacitors are disc ceramics unless otherwise noted. 
The power supply and switching transistors are 
mounted onto the chassis. Q2 should be bolted to 
the chassis for a heat sink. This transistor and the 
rest of the filament power circuit should be treated 
with caution, as it is at - 200 volts. 

Don't use a 2-pin connector for the source and rely 
on the connector shell for a ground; otherwise you 
may get a 200-volt surprise when you plug in the 
source with the power on. Use a 3-pin plug with the 
ground routed through a pin. U13 and U14 should be 
heat-sinked, and attention should be paid to the wir¬ 
ing of these ICs. Even though they are complemen¬ 
tary ICs, the pinouts are different. The meter has a 1- 
mA 1000-ohm movement and is calibrated for 0-3 
and 0-15 dB noise figure by erasing the original scale 
with an electric eraser and recalibrating with transfer 
letters. The compensation pot is a 10-turn linear digi¬ 
tal readout pot with 10 volts applied across it. Either 
+10 or - 10 volts can be used to give - 10 dB to 
+10 dB compensation. This adjustment is used to 
null out the excess ENR of the source with increasing 
frequency and to compensate for loss pads between 
the source and the receiver. 


checkout and alignment 

First unplug all the ICs and confirm that the power 
supply voltages are correct. If they are, plug in U1, 
U2 and U3 and see if you get quadrature pulses out 
of U3A and U3B. Connect a 28-MHz signal generator 
to the input jack and an oscilloscope to point C. In¬ 
crease the signal generator output until you see a 
train of pulses at point C. Peak the U15 input and 
output circuits. Reduce the signal level to some con¬ 
venient value and verify that the levels of the pulse 
train are 3 dB apart. This must be done with a cali¬ 
brated attenuator of known accuracy. Connect an rf 
pad (10 dB for example) between the signal genera¬ 
tor and the input of the ANF meter. This standardizes 
the signal-generator output impedance to 50 ohms. 
Unplug U2 and connect point D to + 15 V. Connect a 
DC voltmeter (preferably a digital voltmeter) to the i-f 
output jack and note the reading on the voltmeter. 
Then connect point D to ground and plug a 3-dB pad 
between the 10-dB pad and the ANF meter. The volt- 
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meter level should remain the same. Disconnect the 
ground on point Dand plug in U2. Plug in U4and U5, 
and check to see if the pulse train is amplified by a 
factor of about 30 in U4A. Increase the signal level 
and see if the pulse train level at the i-f output jack 
stabilizes. This verifies that the age loop is operation¬ 
al. Plug in U6 and U7. With the signal generator set 
for 7 #iV and the pads removed, adjust R4 until the 
low gain LED just goes out. Turn the signal down and 
the LED should come on. Plug in U12and temporarily 
solder a 10 k resistor between pins 2 and 7 of this 1C. 
Ground pin 5 of U9 (make sure U9 is out of the soc¬ 
ket), and adjust R3 for zero volts at U12 pin 7. Unsol¬ 
der the 10 k resistor and unground U9 pin 5. 

' Connect an accurate source of 0.1 volt to U9 pin 5 
(make sure U9 is still out of its socket) and adjust R2 
for zero volts at pin 10 U12. Now turn up the source 
to +10 volts and adjust R5 for exactly -2.0 volts at 
pin 10 U12. Plug in U10, turn the compensation pot 
to zero, and adjust the voltage source to +0.2 volts 
at U9 pin 5. With the meter switch in the 3-dB posi¬ 
tion, adjust R7 for full scale. Change the meter 
switch to 15 dB, increase the source voltage to 
+ 3.16 volts, and adjust R6 for full scale. 

Disconnect the voltage source and plug in the re¬ 
mainder of the ICs. Turn the AUTO STBY MAN switch 
to manual and plug in the noise source. The manual 
current control should vary the plate current (as ex¬ 
pressed in NF) from zero up to 12 or 14 dB before sat¬ 
urating. Flip the switch to automatic and verify that 
the filament remains dark. 

Connect the output of an amplifier to the input 
jack and apply power to the amplifier. The filament 
should light and the low-gain LED should extinguish. 
The meter should swing to saturation (12-14 dB). 
Now connect the source to the amplifier. Assuming 
the noise figure of the amplifier is in the range of the 




instrument, the meter should now indicate its noise 
figure. 

operation 

The reader is referred to the article by W6NBI on 
automatic noise-figure measurements for back¬ 
ground on proper use of ANF meters. 3 A few com¬ 
ments pertaining to this particular meter are in order. 
Fifty-ohm output impedance of the receiver under 
test is required for accurate operation of the input 
pad in the meter. Amplifiers and converters seldom 
have 50-ohm output impedance, so a 3-dB or greater 
pad should be inserted between the receiver under 
test and the meter input. This pad won't cure the 
mismatch, but it will swamp out its .effects on the 
measurement. 

The receiver under test must be stable, since the 
meter is unable to tell the difference between noise 
and oscillation. In the same vein, if you are in a high 
rf-level area, the receiver should be well shielded. I 
live within three miles of four TV stations, four com¬ 
mercial fm stations, and a multitude of commercial 
and Amateur repeaters and paging services; conse¬ 
quently I find it difficult to get proper measurements 
on unshielded converters or preamps. 

An i-f output jack is mounted on the front panel for 
connection to a scope to verify proper operation of 
the comparison circuitry. Fig. 6 shows what the 
scope picture should look like. The important thing is 
that the N t and N z sample periods should be at the 
same level. The large negative pulse at the beginning 
of the source off period is caused by the source not 
turning off immediately. This is because of the finite 
discharge time of the bypass capacitors in the fila¬ 
ment circuit of the source. A 5-way binding post 
mounted on the front panel is used as a handy source 
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of +15 volts to supply converters and amplifiers. 
When working with preamps with a sub-3-dB noise- 
figure, be aware that the input impedance for best 
noise figure is seldom 50 ohms. This presents a mis¬ 
match to the source and indicates an erroneous noise 
figure, which is usually too high. A 3-dB pad be¬ 
tween the source and the receiver input will swamp 
out most of the error. The 3-dB-pad effect can be 
nulled out by the compensation pot, so the meter will 
read noise figure directly. I use the technique in fig. 7 
to measure converters or preamps. The first 3-dB 
pad terminates the source, and the 20-dB-gain ampli¬ 
fier after the preamp under test reduces the effect of 
mixer loss on noise figure to a negligible level. The 
mixer is a broadband, double-balanced mixer (ANZAC 
MD-108) packaged in a small box with BNC connec¬ 
tors for the ports. The 3-dB pad after the mixer termi¬ 
nates the switched pad in the meter. The signal gen¬ 
erator supplies local-oscillator power at f±28 MHz. If 
the amplifier has a reasonable noise figure (<4 dB), 
and the preamp has a reasonable gain (<15 dB), 
then the compensation for a 2-meter preamplifier 
would be figured as follows: At 144 MHz, ENR error 
is +0.45 dB. A 3 dB pad is used so that compensa¬ 
tion is 0.45 dB - 3 dB = -2.55dB. 

Set the compensation pot to - 255 and read the 
system noise figure directly from the meter. 

The method for determining preamplifier noise fig¬ 
ure from system noise is: 

NF, = 10 log [f s - (^r)-(t^) - • •] 
NFj = preamp noise figure (dB) 


F$ = system noise factor 
G] = preamp numerical gain 
G 2 = second stage numerical gain 
F 2 = second stage noise factor 
Fj = third stage noise factor 

Note that this formula uses noise factors and numeri¬ 
cal gains, not noise figures and decibel gains. 

If the source terminating resistor temperature is 
other than 290 K (62 F), a correction must be made 
for this error. 290 K (62 F) is below room tempera¬ 
ture, and the resistor is very close to a hot tube, so 
this correction is usually necessary. Unfortunately 
this is a non-constant error, so the compensation pot 
can't be used. The best technique is to factor the 
other errors into the compensation pot correction 
and then use that figure to work up the temperature 
correction from fig. 8. The ENR correction for fre¬ 
quency for the HP 343A source and the W6NBI 5722- 
type source is given in fig. 9. This error should be 
nulled out as a + compensation with the compensa¬ 
tion pot. Be aware that the source accuracy is the 
limiting factor for the measurement accuracy. I sug¬ 
gested that the hot-cold resistor noise figure meas¬ 
urement system be used to verify the excess-noise 
ratio output of the source at various frequencies. 4 If 
this is done, this meter should be as accurate as the 
commercial models. 

Noise figures, like antenna gains, are numbers that 
are often claimed but seldom measured. My involve¬ 
ment in this project has been well worth the effort, 
especially when I see the long faces (mine included) 
on the owners of "hot" preamps when the meter 
reads otherwise. 

I'd like to acknowledge the assistance of W9XM 
and WA9ACI in reviewing this paper and for many 
spirited discussions on the philosophy of noise-figure 
measurement. 
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Amateur Radio 
equipment 
survey 


Detailed reports from owners of several models of 
popular Amateur Radio gear were featured in various 
issues of Ham Radio Homons. These reports were 
received with much favor by readers who were con¬ 
templating the purchase of equipment, either new or 
used. 

This month we continue our owners' equipment 
survey by selecting for review three radios that have 
enjoyed much popularity in the Amateur community. 
The radios have been in use long enough so that a 
fairly broad sample of opinion and experience can 
now be collected. They are the Icom 701, Drake 
TR-7, and Kenwood TS-520 series — all high-fre¬ 
quency transceivers. 

The items in the owners' report form have been 
chosen to extract the most information of use to the 
prospective buyer in making his choice. The results 
of the survey will show what owners really think 
about their equipment — what was best liked, what 
was disliked, what types of problems were encoun¬ 
tered and how they were resolved, and in general 
what owners felt about performance, maintainability, 
and reliability. 


Reading the results of the survey will surely help 
you decide how to spend your money for that new 
rig. You can profit from the experience of Amateurs 
who have learned by doing — putting the equipment 
to work under actual operating conditions. Such 
information can be much more meaningful than a 
laboratory report made from tests under controlled 
conditions. 

The report sheets can be even more useful if com¬ 
ments are added, in addition to answers being checked 
off where called for. Feel free to let us know your 
opinions. The more information we can gather, the 
better we'll be able to serve prospective buyers. 

Next month we'll be publishing the first part of our 
two-part rundown on Collins gear, in which we'll pre¬ 
sent the data we've collected from users' comments 
on the KWM-2 and KWM-2A transceivers. In the 
April issue, we'll appraise the 32S-series transmitters 
and the 75S-series receivers. As in the past, the read¬ 
ers of ham radio have made some perceptive and 
revealing comments on the equipment they own and 
use. If Collins equipment interests you, be on the 
lookout for these two articles. 


22 m february 1981 



80 -meter receiver 

for the experimenter 


Basic building blocks 
for those 
who like to build 
their own gear 


This simple receiver covers the 80-meter band. 
Other bands can be received by adding converters. 
This article has been submitted with the idea of giv¬ 
ing other experimenters some ideas about receiver 
construction. A simple low-frequency i-f filter is also 
included. It provides a bandwidth of about 1200 Hz 
— great for CW if the band isn't too crowded. The 
nice thing about the filter is that it's inexpensive: two 
crystals at $2.00 each plus a few other parts (also 
inexpensive). 

description 

My receiver was built on a 5 x 9 inch (12.7 x 23 cm) 
chassis with a panel measuring 9x5 inches (23x 
12.7 cm). I found room for a power supply and small 
speaker. The dial was Japanese. With a switch on 
the back of the chassis I can change to battery opera¬ 
tion instead of the ac supply, thus making a nice 
portable receiver that will fit into a travel bag. 


antenna input circuit 

No rf stage was used in this receiver design be¬ 
cause I anticipated that converters would be used for 
higher-frequency bands. An rf stage isn't needed on 
80 meters — thissaves some space. The antenna is fed 
directly into an attenuator, which I found necessary 
to prevent receiver overload. The attenuator was 
made from a dual lOk-section pot (see fig.1). 

The antenna coils are double tuned with separate 
100-pF capacitors for simplicity rather than a split 
stator capacitor. This eliminates the tracking problem 
and hard-to-find parts. 

The antenna coils are wound on red Amidon 
cores. I used T-80-2, 1 inch (25.4 mm) in diameter, 
because they were available. The 68-2 will also be 
correct — anything to resonate at 80 meters. It takes 
about forty-five turns of no. 26 (0.51-mm) wire using 
a 100-pF variable for tuning. I used a 50-pF and pad¬ 
ded it for resonance at mid-capacitor position. Reso¬ 
nance can be checked using a grid-dip oscillator with 
a loop around its coil and one around the toroid. 

mixer 

A 40673 dual-gate MOSFET was used for the mixer. 
The resistor in gate 1 isn't critical and can be any¬ 
thing from 6.8k to 100k; however, the lower values 
are better, as overloading is possible with higher 
values. 

I lucked out for a coil in the drain circuit: a small, 
potted, ceramic toroid about 1 inch (25.4 mm) 
square. I found it in a bag of coils sold by Radio 
Shack. It's not listed in their catalog, so it is worth 
looking for in the store. Otherwise, a J.W. Miller 
variable slug coil 4515, a 350 pH to475,«H inductance 


By Ed Marriner, W6XM, 528 Colima Street, La 
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with a 220-pF capacitor should work. Another solu¬ 
tion is to use half of an old 455 kHz i-f transformer. 

crystal filter 

The filter was made with two crystals, one of 455 
kHz and one of 453.5 kHz. This is great for CW with a 
bandwidth of about 1200 Hz. However, a little wider 
spacing could be in order for SSB. The reason for 
these particular crystals is they are inexpensive: 
$2.00 each from the source indicated. The J.W. Miller 
Company offers an input and output transformer 
(1725 and 1726) to match crystals for the filter. Note 
that the capacitors in the output of the 1725 trans¬ 
former are inside the can. You don't need to add 
them; just ground pin 1. 

i-f stage 

Two i-f stages were used, although it might be 
possible to get by with only one as the gain of this re¬ 
ceiver is pretty high. I used two stages and reduced 
the gain with the i-f gain control. 

product detector and audio 

Rather than using a passive detector with diodes I 
used a 40673, which has some gain, to drive the first 
audio stage: a 2N2222. The product detector needs 
about 1.5 volts RMS injection voltage. I've had pretty 
good luck with this audio circuit, which delivers 
about 2 watts into a big speaker. Other lower-pow¬ 
ered chips are available, but I used this circuit, which 
is in most of the commercial sets in use at the moment. 

BFO 

A crystal-controlled BFO could be used, but I've 
had difficulty making crystals oscillate at this fre¬ 
quency so I used the variable BFO. It's also very use¬ 
ful for zeroing in SSB signals and changing CW pitch. 
It's very stable, with no pulling. 

VFO 

The VFO tunes 3955-4205 kHz to cover the 80- 
meter band. It will take a little playing around to get it 
right. It's nice if you can borrow a counter or have a 
receiver that will cover this range. I used a National 
XR-50 5/8-inch (15.9 mm) diameter slug-tuned form 
for the coil. I had some silver wire that was nylon 
covered. It was no. 24 (0.511-mm) diameter. Using 
this wire, the VFO was very stable, but locating such 
wire is difficult. (This wire was found at a flea mar¬ 
ket; enameled wire is the next best choice.) 

The variable capacitors available will determine 
your bandspread: capacitors of 0-50 or 0-100 pF will 
cover the range, or you can use a switch and two sil¬ 
ver mica padding capacitors, which is what I did to 
cover the 80-meter band in two steps. 


The capacitors I used from gate to ground and the 
coil coupling capacitor also have an effect on the 
tuning. The coupling capacitor has an effect on the 
oscillation and its value sometimes must be reduced. 
However, with the values shown, the VFO worked 
well and produced 1.5 volts rms — enough for mixer 
injection. While many circuits don't show buffers, 
I've found that signals don't pull the oscillator if a 
buffer is used. Thus, the set is more stable. 

construction 

Because of the difficulty in obtaining parts these 
days, it's impossible to specify an exact component 
(see table 1). I search the surplus ads, flea markets, 
and surplus stores. One of the best sources is the flea 
markets that radio clubs sponsor. There I've found all 
my parts. 

This set was made from copper board and black 
drafting tape and dots, then etching. The board was 
mounted onto the chassis using spacers. I cut my 
panels with a hacksaw, with the aluminum held be¬ 
tween two pieces of angle iron secured in a vice. 
After drilling, I dipped the panel in lye water. Or I let 
the panel set in Lime Away, a grocery store product, 
overnight. 

Sometimes I spray the panel with black crackle 
paint and bake it in the oven at 175F for 15 minutes. 
The finished products look good. The boards can be 
dipped into a tinning solution to make them commer¬ 
cial-looking. 

Holes for parts are drilled with a number 60 drill. 
There are a lot of little things you can do to make 
your homebrew projects look nice if you so desire. 
Many hams just want them to work, but I like to have 
them look nice, too. 


table 1. Suggested sources for parts. 

J.W. Miller Co. ™ 

19070 Reyes Avenue 

Compton, California 90221 

Low Frequency Crystals ($2.00 each): 

John L. Winton 

8062 San Mateo Cr. 

Buena Park, California 90621 
Radio Shack Stores 
Integrated Circuits Unlimited 
7889 Clairemont Mesa Boulevard 
San Diego, California 92111 
Semiconductor Supermart 
P.O, Box 3047 
Scottsdale, Arizona 85257 
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solid-state power for 1296 MHz 


Here’s a Class C amplifier 
that delivers 2 watts 
of output power 

In the past few years quite a few construction arti¬ 
cles describing preamplifiers, converters, filters, and 
test equipment for the 1296-MHz band have been 
published. However, there has been a conspicuous 
lack of articles about transmitters for this band. This 
is a serious omission, because, for reasonable com¬ 
munications range, a transmitter power of at least a 
watt or two is needed — far more than the milliwatts 
produced by most converters. 

background 

Most of the 1296-MHz transmitters 1 * 2 * 2 described 
in the last decade have used surplus microwave 
tubes as the active components in the final stages. 
These planar triode tubes, commonly known as 
"lighthouse" tubes because of their distinctive 
shape, have been available on the surplus market for 
many years. And, although amplifiers built around 
this type of tube are capable of delivering tens or 
even hundreds of watts output, they suffer from at 
least two drawbacks that have limited their popularity. 

First, the tubes are normally operated in a cavity or 
coaxial type of structure. Fabrication of these types 
of matching networks is not particularly difficult, but 
some machine shop work is generally required. Sec¬ 
ond, these tubes, usually of the type 2C39 family, are 
becoming somewhat scarce on the surplus market, 
as the original users of the tubes have largely switched 
to diode and transistor devices for medium-power 
amplification at the lower microwave frequencies. 

At the present time, bipolar transistors are com¬ 
mercially available that are capable of at least 40 
watts of continuous output at one GHz and 20 watts 


at 2 GHz, approximately the same power level to be 
expected from a single 2C39 tube. 

Few Amateurs have built transistor power ampli¬ 
fiers for the 25-cm ham band, however. This is main¬ 
ly because microwave transistors have a reputation 
for being expensive, tricky, and easily destroyed 4 . 
But with recent improvements in technology, rf tran¬ 
sistors have become not only better but also more 
rugged, while the cost per unit has dropped because 
of the tremendous increase in the volume of produc¬ 
tion. As a result, transistor amplifiers capable of pro¬ 
ducing several watts output power are now easily 
within the technical and financial reach of Amateurs. 

This article describes a two-stage amplifier chain 
that will deliver over 2 watts output. The total gain of 
the two units together is at least 30 dB, which means 
that a few milliwatts of drive power from a low-level 
converter or exciter will produce full output. The 
amplifiers are sufficiently broadband to cover the en¬ 
tire 1250-1300 MHz range, so that once tuned up 
they need not be retuned for operating frequency 
changes. 

Construction of these amplifiers is straightforward 
and only hand-tool work is required. They are built 
using a mixture of microstrip line and lumped compo¬ 
nent techniques on copper-clad boards. Each stage 
is built as a module with 50-ohm input and output to 
simplify testing and to increase flexibility. 

The first stage produces at least 100 milliwatts of 
linear output power. The gain at this power level is 
approximately 17 dB. The next stage provides a mini¬ 
mum of 2 watts output. It is operated Class C and 
has a gain of 13-14 dB. When the two are cascaded 
together as shown in fig. 1, a 2-milliwatt drive signal 
will produce over 2 watts output. Alternatively, the 
first stage may be used alone as lower-power trans¬ 
mitter to produce up to 150 milliwatts of saturated 
power. 


By Jerry Hinshaw, N6JH, 4558 Margery Drive, 
Fremont, California 94538 
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100-mW stage 

The first stage of the chain is a linear. Class A 
amplifier. As such, it's designed using the small-sig¬ 
nal, grounded-emitter, s-parameter information pro¬ 
vided by the manufacturer. 

The transistor used in this stage is a Hewlett- 
Packard 2N6679, also known as the HXTR 2101. 
There are several reasons for selecting this transistor 
in preference over another, even though at approxi¬ 
mately $22 it isn't the most inexpensive device avail¬ 
able. This microwave transistor is designed to pro¬ 
duce moderately high linear output power and is 
therefore fully characterized for this type of opera¬ 
tion. Second, it has a higher matched gain than most 
less-expensive transistors. This means that one less 
gain stage is needed to amplify a signal up to the 100 
mW level required to drive the output stage. This 
reduction in system complexity more than offsets the 
higher initial cost of this one stage. 

The design of this amplifier follows the approach 
described in detail by Shuch.5 Each input and output 
matching networks consists of a series quarter-wave 
transmission line transformer that matches the real 
part of the transistor input or output impedance. 
Shunt capacitance is used to compensate for the re¬ 
active portion of the output impedance. The input 
impedance of this transistor is by coincidence nearly 
a pure resistance at this frequency, so that satisfac¬ 
tory matching is achieved without a shunt capacitor 
at the transistor base. A schematic diagram of this 
amplifier is shown in fig, 2. 

The design is accomplished using s-parameter 
data for 1275 MHz, data which were obtained by 
interpolating the 1.0- and 1.5-GHZ data provided by 
the manufacturer. Although such a design is, strictly 
speaking, valid for only this one frequency, in prac¬ 
tice the s-parameters do not vary rapidly for small 
changes in frequency, so the usable range is a band 
several per cent wide centered at 1275 MHz. 

The input impedance of this transistor at 1275 MHz 
is found to be approximately 5.3 ohms. As it is very 
nearly a pure resistance, it can be matched with only 


a quarter wavelength transformer whose characteris¬ 
tic impedance is 17 ohms. This 17-ohm transformer is 
realized on 1/32 inch (0.8 mm) glass-epoxy board by 
a microstrip line approximately 0.225 inch (5.7 mm) 
wide and 1.14 inches (29.0 mm) long. 

At the transistor collector the impedance is ap¬ 
proximately 50.6 ohms in series with 110.9 ohms of 
capacitive reactance. The real part of this impedance 
presents a good match to the 50-ohm load as it is, 
without further matching. The reactive part of the 
impedance is tuned with a capacitor located a quar¬ 
ter wavelength from the transistor. This capacitor 
must have a reactance of 22.5 ohms, corresponding 
to 5.7 picofarads at 1275 MHz. The quarter wave¬ 
length line itself is 0.056 inch (1.4 mm) wide and 1.15 
inches (29.2 mm) long on this 1/32-inch (0.8-mm) 
printed circuit board material. 

Dc power is provided by the constant-current £>ias 
network shown in the schematic. In an earlier version 
of this amplifier a simpler, passive bias scheme was 
used, but it proved to be a false economy because 
bias instabilities destroyed the HXTR 2101 transistor. 
The present circuit automatically compensates for 
the current gain variations from one transistor to an¬ 
other and for variations that result from temperature 
changes. Thus it provides for stable, Class A opera¬ 
tion. Collector current is held at 25 milliamperes while 
the collector-to-emitter voltage ( Vce ) of the rf tran¬ 
sistor is stabilized at approximately 15 volts. 

construction 

The amplifier is built on a piece of double-clad 
Fiberglass epoxy PC board material 1/32 inch (0.8 
mm) thick. One side of the board is left fully clad with 
copper to serve as a ground plane for the microstrip 
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lines. The other side is etched to form the matching 
and bias circuit mounting areas. A full-scale illustra¬ 
tion of this side of the board is shown in fig. 3. 

Feedthrough eyelets are mounted in the board at 
the positions marked on fig. 4 with an X. These eye¬ 
lets are used to help ensure that the two emitter leads 


of the transistor are connected to ground by low im¬ 
pedance paths and at the ground ends of the tuping 
and bypass capacitors. Solder the eyelets to the cop¬ 
per ground plane on the bottom of the board. 

Where component leads will protrude through the 
board, the ground plane must be cleared away to 
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prevent shorts. This can be done with a small drill. 
Clear away enough copper from around the hole to 
ensure that the component doesn't touch anything 
but Fiberglass. 

Once the fabrication of the board is done, the 
components are installed as shown in fig. 4. The 
2N6679 and the chip capacitors are mounted on the 
top of the board, while the bias circuit components 
are installed on the ground-plane side. Be careful 
when soldering the transistor that solder does not 
flow underneath the package and short out any of 
the leads. The transistor package is very small, and 
the leads come quite close together on the bottom 
side, so that it's easy for even a tiny amount of solder 
to wick along one lead and short to another. Also, 
note that the variable capacitor in the output circuit 
must be mounted right at the output end of the quar¬ 
ter-wave line for maximum performance. 

The two emitter leads on the 2N6679 are bent at 
right angles to the transistor package so that they will 
fit through the two eyelets to the ground plane side 
of the board to be soldered. It's important that the 
emitter leads be connected to the ground plane by 
low impedance paths if the amplifier is to perform 
properly. To get a low impedance path, the transistor 
package should be mbunted flush with the PC board 
so that the emitter leads are as close as possible to 
the feedthrough eyelets. 

The input and output connections are made with 
small-diameter 50-ohm coaxial cable such as RG-179 
or similar. The coax-cable shield is twisted into a pig¬ 
tail and run through the hole in the PC board near the 
end of the microstrip matching lines. Then the shield 
is soldered to the ground plane of the circuit board. 
On the etched side of the board, the center conduc¬ 
tor is soldered to the end of the microstrip trans¬ 
former. The distance between the end of the coaxial 
shield and the center conductor soldered connection 
should be as short as reasonably possible. A length 
of 0.2 inch (5.1 mm) works well. A jumper wire is run 
between the two points marked with an A in fig. 4. 

The completed board is installed in a small sheet- 
metal chassis box by means of four standoffs. The 
two coaxial cables are run to connectors mounted in 
the box wall and a feedthrough capacitor is used to 
bring in dc power for the amplifier. 

tuning 

Connect the amplifier to a 28-volt power supply 
and check to see that the supply current is approxi¬ 
mately 30 milliamperes. As a further check of the 
bias, measure the voltage at the 2N6679 collector. It 
should be about 15 volts above ground. 

If you're hesitant about trying out an untested bias 
circuit with your somewhat expensive rf transistor. 


you can first test the circuit by soldering a small-sig¬ 
nal NPN transistor in place of the 2N6679. The ampli¬ 
fier won't work at 1250 MHz, of course, but the 
small-signal transistor will duplicate the dc operation 
of the rf transistor. If the bias circuit properly regu¬ 
lates the collector voltage and current of this "fuse," 
then it is safe to go ahead and install the 2N6679. 

Tuning the amplifier requires a signal source of 
about 1 milliwatt and a power meter or signal detec¬ 
tor of some sort. Apply dc power and the rf drive sig¬ 
nal, then tune the output matching capacitor until 
maximum output is seen. If the amplifier is tuned up 
at 1275 MHz, it will cover the range 1250-1300 MHz 
with less than a dB of gain "droop" at the band 
edges. Once the output capacitor is peaked, no other 
adjustments are necessary. 

2-watt stage 

The final stage of this chain is a Class C common- 
base amplifier capable of 2.5 watts output power. 
The transistor used in this stage is the Motorola 
MRF2001, the lowest-power member of a family of 2- 
GHz, common-base power transistors. The 2000 ser¬ 
ies transistors have been available from several man¬ 
ufacturers for a number of years and have come to 
be an unofficial standard type of microwave transis¬ 
tor. They have been used in many military and indus¬ 
trial designs, but their high cost has kept them out of 
the range of most Amateur experimentation. How¬ 
ever, in late 1978, Motorola announced a low-cost 
version of this 2000 series designed to penetrate the 
commercial marketplace. 

These transistors are rated for 2-GHz operation, 
and this means that their performance in the 
1250-1300 MHz range can be fairly impressive. It's 
generally difficult to achieve high gain and high 
power output simultaneously, but when the device is 
operated well,below its design frequency these two 
goals can be more easily met. Thus, the MRF2001, 
rated at 1 watt minimum output with 9 dB gain at 2 
GHz, when operated at 1.3 GHz, easily produces 2 
watts with an associated gain of 13-14 dB. The cost 
of these transistors is about $19 each. 

design 

Since this stage is to be operated as a large-signal, 
Class C amplifier, the s-parameter design approach 
used to design linear Class A amplifiers is not appro¬ 
priate. Instead, matching networks must be designed 
to present to the transistor the impedances that pro¬ 
duce the best input match while simultaneously giv¬ 
ing the highest output power. 

This approach is different in several ways from that 
used for small-signal linear amplifiers. In the case of a 
low-level amplifier, the matching networks are 
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chosen to maximize gain, and perhaps to minimize 
the input and output VSWR. By contrast, in a large- 
signal amplifier, only the input circuit is designed to 
provide a low VSWR to maximize the driver power 
transferred into the amplifier. This part of the design 
is not wholly unlike that of the small-signal amplifier. 

At the output of the Class-C stage, however, the 
intent is to provide that matching network which 
maximizes the output power. This requirement usu¬ 
ally means that output VSWR and overall power gain 
are compromised somewhat in the interest of in¬ 
creasing output power and efficiency. A detailed dis¬ 
cussion of this design approach and of the tradeoffs 
involved is provided by Pitzalis. 6 

To permit such a design the manufacturer pub¬ 
lishes typical impedance data for their rf power tran¬ 
sistors. The input impedance they specify gives a 
good match and hence a good power transfer into 
the transistor. The output impedance they list is that 
into which the transistor delivers maximum power at 
a given drive level. 

As with the 100-milliwatt stage, the fractional 
bandwidth required for the amplifier to cover this 
ham band is small enough so that the design can be 
at a single frequency. This approach is much simpler 
than would be a broadband optimization. 

The data sheet for the MRF2001 lists the eqivalent 
series input impedance at 1250 MHz as 

Z m = 7.6+jl0.3 ohms 

The best input match will be obtained with a network 
that presents the complex conjugate of this impe¬ 
dance to the transistor. Thus, we want to design a 
network that will transform the real 50-ohm input 
feedline impedance to 

Z* = 7.6—jl0.3ohms 

where the asterisk indicates the complex conjugate. 

This series input impedance is equivalent to the 
parallel impedance 7 

Z* = 21.6\ \-jl5.9ohms 

a resistance of 21.6 ohms in parallel with a capacitive 
reactance of 15.9 ohms. 

At 1250 MHz, a capacitor with this reactance has 
the value of 

c = WJT C = 

If this capacitor is shunted to ground very close to 
the transistor emitter, the result will be a driving im¬ 
pedance at the emitter of 21.6 ohms, a pure resis¬ 
tance without a reactive component. 

To transform this pure resistance to the 50-ohm in¬ 
put impedance, we can use a quarter-wave micro¬ 
strip transformer whose characteristic impedance is 


the mean of the two end point resistances, or 

ZinputUne = -J(50)(21.6) = 33 ohms 

This input circuit is shown in the schematic, fig. 5. 

The required output series impedance is given by 
the data sheet as 

Z* ul = 9.6 +j23.1 ohms 

The real part of this series equivalent impedance can 
be matched with a quarter-wave transformer whose 
characteristic impedance, as before, is given by 

Zoutput line = V (9.6)(50) = 22 ohms 

The imaginary term can be dealt with by either a 
series inductive reactance at the transistor collector 
or by a shunt capacitive reactance at the transformer 
output. Since it is easier to obtain good, high-Q, vari¬ 
able capacitors than inductors at high frequency, it's 
better to choose the latter. The reactance required is 
equal to 



This corresponds to a capacitor of 
C = 6.1 pF 

A 1-8 pF trimmer capacitor will provide some adjust¬ 
ment range. The completed output circuit is shown 
in fig. 5. 

The matching circuits are built on 1 /32-inch (0.8- 
mm) Fiberglass epoxy board material of the type 
known as G-10. The 33-ohm input line is 0.110 inch 
(2.8 mm) wide and 1.14 inches (29.0 mm) long. Since 
the transistor emitter tab is wider than this matching 
line, and since a shunt capacitor from the emitter to 
ground is needed, a portion of the required capaci¬ 
tance is distributed in a short open-ended stub. This 
stub provides about 2.7 pF of the required 8 pF and it 
is wide enough so that the emitter lead can be sol¬ 
dered over its entire width. 

The 22-ohm output transformer is realized with a 
line 0.190 inch (4.8 mm) wide and 1.11 inches (28.2 
mm) long. The output must have a dc blocking ca¬ 
pacitor; this should be a microwave chip-type capaci¬ 
tor. A chip capacitor with a 50-mil (1.3-mm) package 
width will fit the 0.056-inch (1.4-mm) 50-ohm output 
line with minimum discontinuities. The variable tun¬ 
ing capacitor must be mounted right at the end of the 
22-ohm transformer. 

Bias voltages are applied to the transistor through 
two high-impedance quarter-wave lines bypassed to 
ground at the end away from the matching net¬ 
works. Since the input is grounded, no dc blocking 
capacitor is required. At the output, the supply end 
of the bias line is bypassed to ground with a chip ca- 
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pacitor in parallel with a higher capacitance ceramic 
capacitor. The chip capacitor provides effective de¬ 
coupling at microwave frequencies, while the larger 
capacitor maintains a low-impedance path to ground 
down to low frequency. 

construction 

The construction of this 2-watt stage is compli¬ 
cated somewhat by the fact that both thermal and rf 
factors must be considered. Good rf circuit tech¬ 
niques are needed so that the potential performance 
of the amplifier can be achieved, while at the same 
time the transistor must have a good path for heat 
transfer, or the heat generated might destroy the 



construction make* for easy assembly. Separate input 
and output stages are shown, which require two boards. 


transistor or shorten its life. For this reason, the tran¬ 
sistor package is designed so it can be mounted to a 
heat sink. If this is properly done, the transistor junc¬ 
tion temperature can be kept low enough so that no 
damage or degradation will occur. 

thermal considerations 

Heat is a major enemy of power transistors. The 
temperature of the transistor die or chip inside the 
package is the critical factor. For a silicon transistor, 
the maximum allowable junction temperature is usu¬ 
ally specified as 392 F (200 C). However, it is very de¬ 
sirable to operate it at a lower temperature than this, 
since, as a rule of thumb, the transistor lifetime dou¬ 
bles for every 18 F temperature reduction. 8 If the 
junction temperature is kept below 302 F (150 C), the 
average time to failure for a gold-metalized tran¬ 
sistor, such as the MRF2001, is measured in dec¬ 
ades. Since in Amateur applications a transmitter is 
used only intermittently, a transistor transmitter op¬ 
erated below this temperature should easily outlive 
its creator. 


The data sheet for the MRF2001 states that the 
thermal resistance, measured from the transistor 
junction to the mounting flange of the package, is 45 
F per watt of dissipation. If the amplifier has an effi¬ 
ciency* of 50 per cent, then, when it is producing 2.5 
watts of rf output, it will also be generating 2.5 watts 
of heat. This waste heat must be carried away from 
the die. In this instance the transistor junction will be 
approximately 2.5x43 F = 112.5 F hotter than the 
case of the package. If the case itself is held at a 
temperature of 122 F (50 C), for example, the junc¬ 
tion temperature will be a fully acceptable 243.5 F 
(117.5 0. 

To keep the transistor's case below this target 
temperature of 122 F (50 C), it must be coupled to a 
cool heat sink with a connection of low thermal resis¬ 
tance. At this power level, if the transistor flange is 
bolted to a small finned aluminum heat sink the tran¬ 
sistor case temperature will remain well below 122 F 
(50 C) when the heat sink is located in a normal room 
temperature environment. 

assembly 

Because of the flange mounting transistor, the 
matching circuit is mounted on two separate circuit 
boards, one for the input and one for the output. The 
board material is 1/32 inch (0.8 mm) thick type G-10 
Fiberglass epoxy double clad with copper. Full-scale 
illustrations of the boards are shown together in fig. 
6. The other side of the board is left unetched to 
serve as a groundplane for the microstrip lines. After 
etching, the boards are separated along the marked 
edges. Components are mounted on the boards as 
indicated in fig. 7, 

The transistor is bolted directly to a small alumi¬ 
num heatsink, which is approximately 1.2 by 4 inches 
(3 by 10 cm) in size. The heat sink is located on the 
outside of the chassis box with the transistor mount¬ 
ed on it and projecting through the wall of the box in 
a hole cut with a 1-inch (2.5-cm) chassis punch. 

The boards for the input and output circuits are in¬ 
side the chassis box and are attached to the heat sink 
with machine screws that run through the box wall. 
The distance from the bottom of the transistor case 
up to the bottom of its stripline leads is 0.12 inch (3.0 
mm). This distance is taken up by the box wall, 
which is about 0.05 inch (1.2 mm) thick, by the cir¬ 
cuit board thickness of 0.031 inch (0.8 mm), and by a 
spacer, which is a small piece of the same type of cir¬ 
cuit board. Thus the total height is about 0.11 inch 
(2.8 mm), so that the circuit board traces fit snugly 


•Efficiency of rf power semiconductors hss been defined in many ways. 
Here it is taken to be the ratio of the rf output power to the dc collector in¬ 
put power x 100 per cent. 
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beneath the transistor leads, ready for soldering. A 
cross-sectional view of this construction method is 
shown in fig. 8. Device outlines are shown in fig. 9. 

tuning 

One of the more challenging problems facing any¬ 
one who tries to tune Amateur microwave equip¬ 
ment is to devise test and tune-up procedures that 
are effective but don't require the use of elaborate 


test gear, not available to most hams. For instance, if 
you have access to a microwave rf sweeping signal 
generator, a spectrum analyzer and a calibrated 
power meter, you'll not have any difficulty in tuning 
this amplifier chain for peak performance. Unfortu¬ 
nately, few of the ham shacks I've visited have been 
quite so well equipped. 

When I first tuned up these two units, I made use 
of a spectrum analyzer and power meter to tune and 
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the operating frequency if you prefer to optimize per¬ 
formance there. The first stage driven with a 2-milli¬ 
watt signal will serve as a driver, of course. To indi¬ 
cate power, a receiver with a signal-level meter, an rf 
power meter, an rf millivoltmeter, or a crystal detec¬ 
tor may be used. 

The output from the final stage should not be fed 
directly into most types of signal indicators, though, 
because the power level expected would probably 
damage them. The signal must be reduced to a level 
that the power meter can safely handle. 

One way to do this is to use a directional coupler as 
shown in fig. 10. The amplifier signal is sent through 
the directional coupler, and a low-level sample of the 
signal appears at the coupled port. 

Alternatively, the output signal can be attenuated 
with a resistive network as in fig. 11. A suitable at¬ 
tenuator pad can be built to do this. It is a pi-section 
attenuator with a loss of 20 dB, so that the output of 
the Class C final stage is reduced in passing through 
it to a level of about 20 milliwatts. If this is still too 
much power for your detector, two attenuators can 
be placed in series. 

The attenuator pad can be built using 1/2-watt, 5 
per cent carbon composition resistors by following 
the schematic shown in fig. 12. The 1/2-watt resis¬ 
tors are used because, although 2-watt-rated resis¬ 
tors would be better able to stand the heat generated 
by the amplifier output, their physical size leads to 
excessive reactance at high frequency. 

I realize that any microwave engineer would cringe 




fig. 9. Transistor packages. 


to verify that each stage was operating correctly and 
had clean, spurious-free outputs. Then I detuned 
them and retuned each at a single frequency using 
only the power meter, to show maximum signal. 

This simplified method worked surprisingly well. 
Each amplifier had a single peak in output power, a 
fact that makes tuning with no spectral display easy 
and not misleading. When the amplifiers are peaked 
in this way, their bandwidths are wide enough to 
cover the band and nearly as flat in amplitude re¬ 
sponse as when they had been tuned with a swept 
signal source. 

To tune up the 2-watt stage using the "no-equip¬ 
ment" approach, you need a signal source that will 
give a 100-milliwatt output at 1275 MHz, or else at 
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fig. 10. Tuning setup with directional coupler. 


at the thought of using such a pi-attenuator at 1300 
MHz. However, even though this attenuator is a bit 
crude, if it's built on a small piece of copper-clad 
board with the shortest possible lead lengths, it can 
give an acceptably low VSWR. 

This attenuator won't stand 2 watts of rf input for 
long, so tune rapidly and give the resistors a chance 
to cool down often. Remember that once heated 
above a certain point, the resistors will not return to 
the same resistance they had when new. This will 
change network attenuation and could lead to errors 
in tuning. 

Once you have the setup together, the hardest 
part of the task of tuning is done. All that remains is 



fig. 11. Tuning setup using an attenuator. 


to apply the drive signal and peak the two variable 
capacitors for maximum power output. It's best to 
go back and forth between the two capacitors a few 
times; their adjustments do interact a bit. 

Fig. 13 shows the final result of this method of 
tuning. It shows the output of the cascaded system 
when the input signal is held at a constant 2 milli¬ 
watts and swept in frequency from 1250 to 1300 
MHz. The output is greater than 2 watts across the 
band and is nearly 3 watts at the center point. 

The final amplifier stage draws about 165 milliamps 
at 28 volts when producing 2.3 watts output. This in¬ 
dicates that it's operating at approximately 50 per 
cent efficiency. No attempt was made to tune for 
better efficiency, although this can often be done. 

conclusions 

The amplifiers described here are stable, fairly in¬ 
expensive, and simple to reproduce. Second stage 



fig. 12. Schematic of the 20-dB pi network attenuator. 


output power is sufficient to provide solid horizon 
coverage for voice communication when used with 
only a moderate gain antenna. The flexibility of the 
modular construction means the amplifiers can be 
adapted to a range of uses. 

The final stage was biased as a Class C amplifier 
for use in an fm system. In SSB or ATV service, how¬ 
ever, a more linear amplifier is needed. It is likely, as 
the manufacturer suggests, that the transistor could 
be operated in Class 8, although I have not tried this. 



fig. 13. Powar output as a function of frequency for the 
amplifier chain shown in fig. 1. Input Is 2 milliwatts. 
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Diana to EME in 20 years 

Sharp-eared newcomers to the Ama¬ 
teur bands may occasionally hear 
operators talking about EME sched¬ 
ules. A recent issue of QST magazine 
listed the scores earned by stations 
engaging in an EME contest. How did 
it all get started? 

For years man has dreamed of 
reaching the moon. Jules Verne 
wrote about it. In 1930, a well-known 
inventor and science writer told how 
it would be possible to use the moon 


as a reflector to bounce very short 
radio waves around the earth (fig. 1). 
But nobody had attempted the task; 
it was an idle dream. No one was 
even sure that radio waves would 
penetrate the ionosphere and reach 
the moon. Perhaps one day this fan¬ 
ciful idea would take root. 

While others dreamed, John 
DeWitt, Jr., W4ERI, decided to act. 
A Radio Amateur and avid astrono¬ 
mer, John had combined his hobbies 
while still in high school, and while a 


young student in Nashville, Tennes¬ 
see, he had constructed vhf receiving 
equipment sensitive enough so that 
he could hear radio noise from the 
Milky Way — noise which Karl Jan¬ 
sky had discovered a few years 
earlier. 

Finally, in 1940, young DeWitt as¬ 
sembled an 80-watt transmitter, a 
high-gain antenna, and a sensitive 
receiver and attempted to send a sig¬ 
nal from his transmitter to the moon 
and back. The experiment was a 
failure and John set about to deter¬ 
mine the cause of his problems. He 
finally understood that more power, 
bigger and better antennas and a 
more sensitive receiver were the keys 
to success. 

The onset of World War II brought 
all of W4ERI's plans to a stop. Ama¬ 
teur Radio was closed down for the 
duration. But, as John assumed mili¬ 
tary service, the idea remained plant¬ 
ed in the back of his memory. By then 
a recognized authority in broadcast¬ 
ing, John rose rapidly in the expand¬ 
ing field of military communications, 
and by 1944 had risen to the rank of 
lieutenant colonel and was in charge 
of the Army's Evans Signal Labora¬ 
tory at Belmar, New Jersey. 

The highly classified work of the 
laboratory drew to a close in August, 
1945, with the abrupt end of the war. 
DeWitt's important jobs quickly evap¬ 
orated, but he did not have sufficient 
discharge points to return to civilian 
life. He fretted under the boredom 
and inaction. 



fig. 1. A 1930 issue of 
Short Wave Craft maga¬ 
zine featured transmis¬ 
sion by moon reflection. 
A later issue discussed 
the subject in depth, and 
noted it was impractical 
because of the high pow¬ 
er needed to overcome 
path loss. But, the intent 
was feasible — the arti¬ 
cle was just ahead of its 
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project Diana 

While John bided his time, the 
Pentagon had a vital question at 
hand, brought about by the V-2 roc¬ 
ket attacks on London during the 
war. Was there a way an enemy 
could direct a rocket attack on the 
United States using radio-controlled 


rockets? Could radio and radar sig¬ 
nals actually penetrate the iono¬ 
sphere, or not? Perhaps DeWitt and 
his remaining laboratory staff could 
provide the answer. 

Once given the go-ahead, John as¬ 
sembled his staff and went to work. 
Among the group were radio ama¬ 
teurs E.K. Stodola, W3IYF, Frank 
Elacker, ex-W2DMD, and Harry 
Kauffman, W20QU (who would be 
the first to hear a returned echo from 
the moon). 

The transmitter was an old 
SCR-271 radar set, much modified, 
which provided 4-kW output on 111.5 
MHz. By combining two radar anten¬ 
nas, DeWitt created an array of sixty- 
four elements and directors which 
provided a power gain of nearly 22 
dB. His crew built a special super¬ 
heterodyne receiver of very narrow 
bandwidth and high sensitivity. All of 
this, everyday equipment now, was 
state-of-the-art in 1945. 

DeWitt and his crew had to design 
very special test equipment to make 
sure their exotic moon-bounce sta¬ 
tion was performing properly. Calcu¬ 
lations showed the project would 


work and that reflected signals could 
be detected from the moon — but 
nobody was sure it could be done. 

No matter. DeWitt forged ahead, 
and by January, 1946, he was ready 
for on-the-air tests. Preliminary tests 
in December had been inconclusive 
but he felt that his team was on the 
verge of success. 


On the morning of January 10, 
1946, DeWitt and his staff fired up 
the "moonbounce" transmitter. The 
cumbersome antenna was aimed at 
the moon, and one-second pulses 
were sent out every four seconds, 
Finally, after an agonizing wait, they 


heard the first echo return on a loud¬ 
speaker and saw the returned signal 
on an oscilloscope connected to the 
receiver. For the first time, man had 
touched the moon with an electronic 
signal and the moon had answered 
back. 

Project Diana was a success and 
fired the imagination of the public in a 
manner which may seem surprising in 
today's more technically sophisticat¬ 
ed atmosphere. Soon the U.S. Navy 
had a microwave moonbounce link 
from Annapolis to Pearl Harbor, and, 
very shortly, Amateur moonbounce 
(EME) circuits would come into being. 

amateur moonbounce 
experiments 

It was not until July, 1960, that the 
first two-way Amateur moon-bounce 
contact was recorded. 1 It happened 
on the 1296-MHz Amateur band 
between W6HB (The Eimac Radio 
Club) and W1BU (The Rhodedendron 
Swamp VHF Society). Hank Brown, 
W6HB, and Sam Harris, W1BU, and 
their crews worked for weeks getting 
the equipment ready to go, and final¬ 
ly made contact. Moonbounce com¬ 
munications, using Amateur power 
levels, was proven possible and it 


\ 



clss which would seem to make detection of moon-reflected signals highly 
improbable. The path to the moon and back is about half a million miles and the 
moon reflects only about 7 per cent of the radio energy striking it. The reflected 
energy is diffused all over the heavens and only a small portion of the energy 
which left the radio transmitter is reflected back to earth. Finally, the largest vhf 
receiving antenna is only a fraction of the earth's pickup area facing the moon. In 
spite of these staggering difficulties, the earth-moon-earth radio circuit can be 
made to work with equipment well within the capabilities of many vhf-minded 
radio Amateurs (drawing courtesy of Radio Publications, Inc. I. 



The elaborate 432-MHz 
moonbounce antenna 
array of ZE5JJ in 
Rhodesia boasts 128 ele¬ 
ments and can track the 
moon automatically. 
Peter has since con¬ 
structed a parabolic 
reflector using aluminum 
angle stock and wire 
screening. It has been 
very successful. 
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now remained only to see if other 
enterprising Amateurs would follow 
the lead established by these two 
radio clubs. 

Interest grew slowly (possibly be¬ 
cause the experiments had been done 
in a little-used and relatively unknown 
ham band), and it was not until 1964 
that Amateur interest in EME commu¬ 
nications was awakened with a jolt 
when Bill Conkel, W6DNG, ran 2- 
meter schedules via the moon with 
Lenna Suomienen, OH1NL, of Fin¬ 
land. Here was real moonbounce 
with everyday Amateur vhf equip¬ 
ment. 

Since those early years, EME inter¬ 
est has grown until today hundreds of 
Radio Amateurs maintain schedules 
and experimental contacts via the 
moon on 144, 220, and 432-MHz. 2 At 
last, EME has come of age. 

the EME path 

What kind of equipment and an¬ 
tennas does it take to establish a 
moonbounce station? Who can be 
worked? Does all the work have to be 
done at night? 

The moon is about 2160 miles in 
diameter and orbits the earth at a dis¬ 
tance that varies from 221,463 to 
252,710 miles. An orbit takes about 
twenty-eight days and is somewhat 
eccentric, so that the moon travels 
across a different segment of sky 
each night of the lunar month. And, 
although the moon looks quite large 
when it is full, it subtends an arc of 
only about 0.5 degree when seen 
from the earth (fig. 2). Even the high¬ 
est gain Amateur vhf antenna has a 


beam width much greater than this, 
consequently only a small portion of 
the signal aimed at the moon actually 
strikes it; the rest passes out into 
limitless space. Furthermore, an esti¬ 
mated 93 per cent of the signal that 
does strike the moon is absorbed. 
Also, as our astronauts verified, the 
moon surface is exceedingly rough; 
thus the 7 per cent of the reflected 
energy is diffused all over space. 

Viewed from the moon, the earth 
subtends an arc of about 2 degrees, 
and the vhf signal that returns to 
earth is spread over half the earth's 
surface, or an area of about 
98,470,000 square miles. Clearly, only 
a small fraction of the transmitted 
energy ever reaches the eager ears of 
the moonbounce listener. 


the EME path loss 

Because radio signals travelling 
through space are attenuated at the 
square of the ratio of the frequency, 
the path loss to the moon and back is 
8.3 times (9 dB) greater on 144 MHz 
than on 50 MHz. A similar increase in 
loss occurs between 144 MHz and the 
420-MHz band, and between the 420 
and the 1250-MHz band (fig. 3). In 
addition, transmitter efficiency and 
receiver noise-figure both tend to 
become worse with increasing fre¬ 
quency. Thus, there are compelling 
reasons to use as low an operating 
frequency as possible for EME work. 

On the other hand, the power gain 
of a beam antenna of a given size 
increases by the same ratio that the 
path loss increases and, because the 
antenna gain is realized in both trans¬ 
mission and reception, there is a net 
circuit signal gain with increase in fre¬ 
quency, even after deducting the in¬ 
creased circuit losses. 

The various factors point to the use 
of the 144 MHz and 430 MHz Ama¬ 
teur bands for EME operation: good 
equipment is available, antenna size 
is not too great, and there's enough 
international activity on these bands 
to make the investment in time and 
effort worthwhile. On 2 meters, the 


EME 

distance 






path 

miles 

60 MHz 

144 MHz 432 MHz 

1296 MHz 

2400 MHz 

loss 

(km) 

(dB) 

(dB) 

(dB) 

(dB) 

(dB) 

Perigee 

221,463 

(356,334) 

177.89 

187.08 

196.62 

206.17 

211.43 

Apogee 

252,710 

(406,610) 

179.03 

188.21 

197.76 

207.21 

212.56 

fig. 3. Free space path loss for earth-moon-earth circuit at perigee (221.463 miles) 
and apogee (262,710 miles). The nominal 1.14 decibel difference in signal loss 
between moon perigee and apogee becomes 2.28 decibels for the round trip to the 

moon and back. 
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portion of the band between 144.00 
and 144.10 MHz is an international 
segment, and it is in this region that a 
great deal of serious moonbounce 
activity takes place. 

how rrluch power? 
how big an antenna? 

Fig. 4 provides a guideline to suc¬ 
cessful moonbounce communica¬ 
tions. The scale at the right-hand side 
of the nomograph labeled Total An¬ 
tenna Gain shows, for example, that 
if two stations having a combined 
antenna gain of about 43 dB and are 
satisfied with an average signal-to- 
noise ratio of zero dB, they can 
achieve two-way communications. 


This graph is based upon a trans¬ 
mitter power output of 590 watts, a 
zero-dB noise figure, and a receiver 
bandwidth of 100 Hz. I'm sure that no 
moonbounce station fits these eso¬ 
teric requirements, but hundreds of 
them come close, and some may sur¬ 
pass these figures. This is how it is 
done in the real world. 

The Total Antenna Gain scale tells 
us that if one EME station is equipped 
with a 26-dB-gain antenna, the sta¬ 
tion at the other end of the circuit will 
need only 17 dB antenna gain, all 
other things being equal. The greater 
the antenna gain at one end, the 
smaller the array needs to be at the 
other end. On 2 meters, there are 


many stations equipped with high- 
gain antennas for meteor scatter and 
other forms of long-distance com¬ 
munication. Long Vagi beam anten¬ 
nas are available from several manu¬ 
facturers, and many will provide a 
power gain of 17 dB. Two of them 
properly arranged can provide about 
20 dB power gain. Again, all else be¬ 
ing equal, a station equipped with a 
20-dB antenna array can theoretically 
contact another station which has an 
antenna array with a power gain of 23 
dB. And, if contacts are made on a 
rising or setting moon, the stations 
can take advantage of ground reflec¬ 
tion of the signals to pick up an addi¬ 
tional few dB of signal strength. 



Moonbounce for everyone. That is just about possible using the new antenna recently assembled by 
Cushcraft's Chief Engineer, David Olean, K1WHS. Dave's antenna (below) makes it possible for him to 
contact stations with single Boomers and only modest power. Recently, he contacted Dave Redman, 
G4IDR, who was using a single Cushcraft 32-19 Boomer and approximately 200 watts at his antenna. 
Many other hams with single Yagis from Europe and the U.S. have had their first moonbounce contacts 
this year with K1 WHS. 

Dave Olean's new antenna consists of 24 Cushcraft Jr. Boomers model 214B. These Boomers are only 
15 feet (4.6 m) long. The total antenna gain is about 26 dBd including feedline losses. This is more than 
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fig. 6. Moon position from canter of U.S may be determined with this chart. The 
altitude of the moon above the horizon and its azimuth change minute by minute 
every day, but they repeat each lunar month. The "Nautical Almanac," or similar 
manuals, predict the moon position far in advance. This graph is plotted for a posi¬ 
tion of 40° North, with the observer facing south. At time T the moon is due south 
of the observer. At T-1 (one hour before T), the moon is at point A. Given the date, 
the declination, and the local time that the moon appears due south, the azimuth 
and elevation may be found. Curves for other values of declination can be interpo¬ 
lated and drawn in between these three curves. (Reference: Lund, "How High the 
Moon", QST July, 19651. 


Today, stations using relatively 
modest antennas and everyday 
equipment are enjoying EME contacts 
on 2 meters. Many vhfers who have 
good antennas and high power are in¬ 
advertently bouncing their signals off 
the moon without even knowing it. 

I recently spoke on the telephone 
with Dave Olean, K1WHS, who is a 
prominent 2-meter operator and well- 
known moon-bounce enthusiast. 
Dave has an elaborate antenna sys¬ 
tem, and tells me that he can aim his 
array at the moon and tune around 
144.1 MHz during periods of high ac¬ 
tivity and hear Amateurs working 
each other. Their antennas are posi¬ 
tioned so that the moon sweeps 


through the beam and their signals 
are reflected back to earth to the 
waiting ears of K1WHS. Dave 
guesses that there are probably over 
a thousand vhf stations in the United 
States who can work moonbounce 
but don't know they have the 
capability. 

I asked Dave what it took to 
become an EME experimenter. He 
told me that if a station had a good 2- 
meter transceiver (such as the TS-700 
Kenwood, or equivalent) a low-noise 
preamplifier, and a good, high-gain 
Yagi on a 15-foot boom, he would 
hear moonbounce signals, provided 
he aimed the antenna at the moon. 
Hearing signals is the first step to 


working stations. 

the nitty-gritty 

The nice thing about moonbounce 
is that you can let the other fellow do 
most of the work. The more antenna 
gain and power the other fellow has, 
the less you need. And there are 
enough serious-minded EME experi¬ 
menters on the air today that a begin¬ 
ner can get in the game and talk to 
the big guns without having to make 
a large expenditure of time, money, 
or effort. 

Of course, for the serious experi¬ 
menter, there's a lot more to it than 
just hearing signals. Most moon- 
bouncers have antennas that can 
track the moon — sometimes auto¬ 
matically. Computer-oriented Ama¬ 
teurs have complete tracking pro¬ 
grams worked out showing the posi¬ 
tion of the moon a year in advance, 
and have antenna controls that per¬ 
mit automatic moon tracking. But 
you don't need all of this to get start¬ 
ed. Many Amateurs have fixed anten¬ 
nas placed in such a position that the 
moon will sweep through the beam 
during the time the moon is mutually 
visible to operators at both ends of 
the chosen path. A typical moon-po¬ 
sition chart, such as shown in fig. 5 is 
useful in positioning the antenna. 

Other factors enter the picture, as 
the moonbouncer soon discovers. 
Because the moon moves toward or 
away from the earth at speeds up to 
980 miles per hour, Doppler shift 
changes the frequency of the moon- 
reflected signal. At 144 MHz, the 
Doppler shift can be as large as 427 
Hz. When the moon is rising, the re¬ 
ceived frequency goes up; when the 
moon is setting the frequency goes 
down. Frequency shift is minimum 
when the moon is perpendicular to 
the observer. 

what does the signal 
sound like? 

It takes a radio signal slightly over 2 
seconds to make the trip to the moon 
and back, so the return echos of your 
transmission can be easily received. 
The best way of testing an EME cir- 
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The portable moon- 

K6YNB/KL7 (now N6NB) 
puts Alaska on the map. 
Note that the 2-meter ar¬ 
ray (left) is composed of 
sixteen 3-element quads. 



Moonbounce array for 2 
meters at WA1FFO is 
composed of four Yagis. 
each having 12 elements. 
All of these big antennas 
make It easier for you 
to work moonbounce 
because the other sta¬ 
tion does most of the 



The radio telescope at 
Stanford University in 
California is occasionally 
used for moonbounce 
experiments in Amateur 
bands. You can really 
hear this 200-foot-diam¬ 
eter giant when it is on 
the alrl The whole anten¬ 
na and control building 
rotates on a circular 
metal track. Dominating 
the skyline above Palo 
Alto, California, the dish 
can be seen for miles. 


cuit, in fact, is to listen to the return 
echos of your own transmitter. It is 
quite an eerie feeling to send CW sig¬ 
nals and hear them bounce back at 
you a short time later. Voice signals 
returning from the moon have a hol¬ 
low quality about them that is instant¬ 
ly recognizable to a moonbounce 
enthusiast. 

Plenty of stations are active today. 
A good guess is that there are over 
350 moonbounce stations active, in 
all continents, on the 2-meter and 
432-MHz bands. Many of them main¬ 
tain schedules with each other, but 
on an active weekend plenty of 
moonbouncers call CQ to raise 
another moon-bounce enthusiast. 
During an EME contest, or other 
weekend of high vhf activity, there is 
actually QRM among the many 
moonbounce signals. 

The second article in this series will 
carry more specific information about 
moonbounce equipment and activity 
for the 2-meter enthusiast. Suffice to 
say that if you have a high-gain Yagi 
antenna, a low-noise receiver, and 
sufficient know-how to aim your an¬ 
tenna to the moon, you could be 
hearing moonbounce signals before 
the next issue of this magazine 
reaches you. 

If you want additional information 
about moonbounce; write to me and 
ask for the booklet "Almost Every¬ 
thing You Want To Know About 
Moonbounce." It is a reprint of im¬ 
portant magazine articles on the sub¬ 
ject. Send 30 cents in stamps to 
cover mailing to: William Orr, c/o 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. 
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tion, experimenters at Stanford University in Califor- 

band using an array of log periodic antennas 1200 feet 
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better audio 


for 

mobile operation 

Some suggestions 
for improved operating 
in your car 

The concepts described in an earlier ham radio 
article 1 resulted in many letters to me. The same 
ideas in that article apply to mobile operation, only 
more so. When working mobile, you have outside 
road noise to contend with as well as ignition and 
other noises. Mobile rigs are now physically smaller; 
therefore the speakers are smaller, and so it goes. 
Regardless of speaker size, the audio systems in 
most of the mobile rigs are deficient. 

When the audio gain control is turned up to over¬ 
come the various noises, the signal is distorted and 
most aren't loud enough, even if they aren't dis¬ 
torted. A few sets with small speakers in a small box 
have produced audio like you've never heard; so it is 
possible to get good audio from a small box. 

loudspeakers 

One approach to the mobile audio problem is to 
use a large speaker and mount it in the car headrest 
as shown. Lower volume levels are then needed, and 


this system works well. Use the largest speaker pos¬ 
sible with a tweeter. 

Another approach is to use a separate, low-level 
input, 12-volt audio amplifier connected to the top of 
the volume control as described in reference 1, with a 
built-in frequency equalizer to emphasize highs. You 
can also use an audio booster in conjunction with 
stereo fm cassette radios. The output of the ham rig 
can be connected in parallel with one channel or, 
preferably, switched with a dpdt switch. You then 
get the needed power gain and frequency-response 
control. Use high-quality, large speakers with mid- 
and high-range tweeters. My booster has a control to 
fade in two speakers in the front of the car. These 
speakers can be mounted under the seat, in the door, 
or in the ceiling headliner. The main stereo speakers 
are at the car rear, but the headrest speakers are 
much closer to your ear. You now will have a wide 
range of combinations, which produce beautiful and 
understandable audio with no distortion and shaped 
to your ears' deficiencies by the equalizer. 

A suggested hookup is shown in fig. 1. I also use 
stereo earphones, parallel connected when used with 
the ham set. The new Sennheiser Model 420 is ideal, 
as it has an open earpiece and therefore doesn't 
block out road noises. These units are lightweight 
and can be used for long periods of time. They can, 
of course, be used with the stereo fm radio. 

tone control 

A welcome addition to any rig is a tone control that 
emphasizes the highs rather than attenuating them. 
The average person's ears are being bombarded with 

By Ken Glanzer, K7GCO, 202 South 124 
Street, Seattle, Washington 96168 
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Speakers mounted in the car headrest brings them 
closer to your ears; less volume is needed. Stereo ear¬ 
phones. monaurally connected, and with open ear 
pieces, are comfortable for long listening periods and 
don't isolate you from outside noise (such as police 


Stereo amplifier and frequency equalizer connect direct¬ 
ly to speaker output of your ham rig and fill the car with 
clear, undistorted audio (with proper speaker). You can 
change frequency response for enhanced intelligibility. 


have said, "I can understand what they say on your 
radio." Many Amateurs are not deaf from the stand¬ 
point of level, but are "tone deaf." They can't hear 
the high frequencies. Sometimes, a small tweeter 
can be installed near one ear with good results, 
reference 

t. Ken Glanzer, K7GC0, "Better Audio for New or Old Communications 
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repeater security 


A combination lock 
using CMOS devices 

The solution was a nonvolatile control. The prob¬ 
lem was a secure, remote controlled electronic com¬ 
bination lock for the local repeater; one which would 
not forget if it was turned on or turned off if the 
power should fail momentarily, or if the supply line 
should suddenly become filled with electronic noise. 
With thoughts of security, simplicity, and ultra-low 
power drain in mind, the circuit shown here was 
devised. 

features 

The control, designed to operate in conjunction 
with standard TTL tone decoders, uses a sequence of 
three digits to effect the turn-on function and a dif¬ 
ferent three digit sequence for turn-off. The digits 
must be applied precisely in the selected sequence to 
achieve the desired function. The turn-on process 
automatically prepares the control to accept the turn¬ 


off sequence and, similarly, the turn-off process pre¬ 
pares the control to accept the turn-on sequence. To 
safeguard against the possibility of electronically 
picking the combination lock, provisions were made 
to accept digits unused in either control sequence as 
reset inputs. The entire control uses four ICs, four 
transistors, and ten diodes. 

circuit 

Referring to fig. 1, the combination-lock function 
is accomplished by a series of D flip-flops. U1A, 
U1B, and U2A comprise the turn-on function, and 
U2B, U3A, and U3B comprise the turn-off function. 
Activation of either function is accomplished by 
clocking the flip-flop string in sequence. Beginning 
with U1A (or U2B), each flip-flop enables the suc¬ 
ceeding one in the string by taking its D input to a 
high logic level. In this manner, U2A cannot be 
clocked until U1B has been clocked, which in turn 
cannot be clocked until U1A has been clocked. After 
completion of the turn-on sequence, in the proper 
order, the falling edge of U2A's Q output clocks the 


By Steve Cerwin, WA5FRF, 3911 Pipers Court, 
San Antonio, Texas 78251 
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latch comprised by gates U4C and U4D to its ON state, thereby effecting the anti-picking feature by 

state. This negative-going pulse also is inverted and neutralizing any accidental progress made by non- 

coupled to the reset inputs of flip-flops U2B, U3A, authorized attempts to operate the control. Assum- 

and U3B, which prepares them for the turn-off ing different digits are selected for each sequence in¬ 
sequence. put, the odds against someone happening upon the 

In the ON state, U4C output saturates the triple- proper combination for either control operation by 

darlington Q1, Q2, and Q3 through a 1 megohm re- chance are 16 x 15 x 14 or 3,360 to 1 for a sixteen- 

sistor. The open collector output of Q1 may be used button pad. The odds may be increased simply by 

to control an external relay. The base lead of Q3 has adding additional data latches to the string, 

been brought out on the printed-circuit board for the Nonvolatility was achieved by designing the circuit 

possibility of using an external master override for for ultra-low power drain. All the ICs are CMOS, and 
either the ON or OFF function. the total supply current for all four chips is less than 1 

The unused digit inputs are connected in OR fash- microamp. The power hog in the unit is the base cur- 

ion to Q4 through diodes CR1 through CR8. If any rent required to saturate the triple-darlington. This 

one of these inputs is selected, Q4 will saturate, tak- current, 2.9 microamps, is esentially the total supply 

ing one input of gates U4A and U4B to a logic zero current drain when the control is on. With only the 

level. This will reset both flip-flop strings to their zero onboard 100 /iF capacitor across the supply, the con- 
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trol will be nonvolatile for several minutes after 
power failure. This time may be extended to hours if 
a larger capacitor is supplied externally, or it may be 
extended indefinitely if an external battery pack is 
supplied. The control supply bus is isolated from the 
supply line by diode CR10. CR10, a 3-amp power rec¬ 
tifier, was chosen to withstand the charge-up current 
of the large supply bypass capacitor and also pro¬ 
vides reverse supply protection. Supply voltage must 
be 5 volts if the unit is to be compatible with TTL tone 
decoders. 

A single-sided printed circuit board layout for the 
control is shown in fig. 2. Component placement 
and a photograph of a completed board are in figs.3 
and 4 respectively. To maintain the ultra-low-power 
drain characteristics, the assembled board must be 
kept reasonably clean. 

ham radio 
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transmission-line circuit design 


Using distributed 
resonant circuits 
for VHF/UHF 
transmission lines 


Part 2 of this article, which appeared in the January, 
1981, issue of ham radio, dealt with the geometry of 
the first four of twelve common transmission line 
configurations. In this, part 3 of the article, another 
set of four transmission line configurations will be ex¬ 
amined: circular wire between planes, parallel wires 
over a plane, circular wire in an open trough, and 
parallel wires between planes/rectangular box. 

Part 4 of this series will deal with the remaining 
four configurations. Part 5, the last in the series, will 
provide a summary of what has been discussed and 
show a design example for a 2-meter amplifier. 


circular wire 
between planes 


The formulation for the characteristic impedance 
of this line is similar to that for a single wire over a 
parallel plane (reference 4): 

Z 0 = -^1 log to &; d/h < 0. 75 (25) 



where Z 0 = line impedance (ohms) 
t r = dielectric constant 
h = distance between planes 
d = wire diameter centered between planes 

Fig. 12 shows Z 0 versus h/d for a reasonable range 



fig. 12. Z 0 versus h/d for a wire centered between parallel 


By H.M. Meyer, Jr., W6GGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
90274 
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table 20. HP-67/97 program for calculating Z 0 and h/d for a 
wire centered between parallel planes. 


step 

HP-97 

HP-97 

step 

HP-97 

HP-97 

code 

mi 

*LBLA 

21 11 

030 

3 

03 

002 

STOO 

35 00 

031 

8 

08 

M3 

Vx 

54 

032 

-t- 

-24 

<m 

STOI 

35 01 

033 

ST03 

35 03 

tm 

RTN 

24 

034 

* LBL3 

2103 

m 

*LBLB 

21 12 

035 

rcLi 

3601 

M7 


-24 

036 

X = 0? 

16-43 

m 

* LBL1 

2101 

037 

GSB8 

2308 

W9 

ST02 

35 02 

038 

X 

-35 

oio 

4 

04 

039 

10 * 

1633 

mu 

X 

-35 

040 

4 

04 

mi2 

Pi 

16-24 

041 

+ 

-24 

mi 3 

-e 

-24 

042 

Pi 

16-24 

mu 

LOG 

1632 

043 

X 

-35 

mis 

1 

01 

044 

ST02 

35 02 

mi 6 

3 

03 

045 

RIS 

51 

mi 7 

8 

08 

046 

*LBLD 

2114 

mw 

x 

-35 

047 

GTOI 

2201 

mi 9 

ST03 

36 03 

048 

* LBL9 

2109 

mzm 

* LBL2 

2102 

049 

1 

01 

021 

RCL1 

3601 

050 

STOI 

35 01 

022 

X = 0? 

16-43 

051 

RCL3 

36 03 

023 

GSB9 

2309 

052 

GT02 

2202 

024 

+ 

-24 

053 

* LBL8 

<2108 

025 

ST04 

35 04 

054 

1 

01 

026 

RIS 

51 

055 

STOI 

3501 

027 

'LBLC 

21 13 

056 

RCL3 

3603 

028 

ST04 

35 04 

057 

GT03 

2203 

029 

1 

01 

058 

RIS 

51 


of values. Table 20 is the HP-67/97 program for cal¬ 
culating Zq or h/d or, given L and d separately, cal¬ 
culating Z g . Table 21 identifies the storage registers; 
table 22 shows program control. 


table 21. Register contents 
for HP-67/97 program for 
calculating Z 0 and h/d for a 
wire centered between 
parallel planes. 


STOO e r 

sto i -jr T 

ST02 h/d 
STO 3 INTERIM 

STO 4 Z 0 


table 22. HP-67/97 program control for calculating Z 0 and 
h/d for a wire centered between parallel planes. 


calculates 

Z, 

press A 

enter 

h 

press ENTER 

enter 

d 

press B 

calculates 

h/d 

Note: If no value for 

enter 

Z 0 

press C t r is entered, program 

calculates 

Z„ 

assumes e r = 7 = air. 

enter 

h/d 

press D 


,, , . I—H - 

parallel wires 0 

over a plane I , w ~t~ 


The common application of this line is for push-pull 
tank circuits with lines spaced much more closely to 
the ground plane than to the cover. The formulation 
(reference 4) is: 

Z 0 =-^logto |(f) [* + 
d< <D, h 

where Zp = line impedance (ohms) 
e r = dielectric constant 
h = centerline height of wires over plane 
d = wire diameter 

D = center-to-center spacing between wires 
For analysis this equation may be reformulated to 

z “ = /k | *'“*'» [ ,+ (§)’],»>) 

which permits solution if h/d and Z 0 are known, or if 
h/D and Z 0 are known. 

When solving for h/D when Z 0 and h/d are 
known, eq. 27 may be rearranged for easy solution 
on the HP-67/97 to 



Eq. 28 is transposed when solving for h/d with Z 0 
and h/D known. 

Fig. 13 is a plot of Z 0 versus h/d for various values 
of h/D. Table 23 provides an HP-67/97 program for 
calculating various combinations of knowns and un¬ 
knowns. Table 24 identifies the storage registers; 
table 25shows how the program is controlled. 
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table 23. HP-67/97 program for calculating h/d, and A/D for two parallel wires over a plane. 


step 

HP-97 

HP-97 

code 

step 

HP-97 

key 

HP-97 

code 

step 

HP-97 

key 

HP-97 

step 

HP-97 

key 

HP-97 

m 

*LBLA 

21 11 

029 

9 

09 

057 

10* 

1633 

085 

9 

09 

m 

STOO 

35 00 

030 

X 

-35 

058 

X2 

53 

086 

+ 

-24 

m 

sfX 

54 

031 

ST05 

35 05 

059 

1 

01 

087 

RCL5 

36 05 

m 

STOI 

35 01 

032 

RCL1 

36 01 

060 

- 

-45 

088 

+ 

-55 

005 

RTN 

24 

033 

X=0? 

16-43 

061 

Vx 

54 

089 

10* 

16 33 

006 

*LBLB 

21 12 

034 

GSB9 

23 09 

062 

2 

02 

090 

4 

04 

007 

R 1 

-31 

035 

+ 

-24 

063 

i- 

-24 

091 

+ 

-24 

003 

+ 

-24 

036 

ST06 

35 06 

064 

ST03 

35 03 

092 

ST04 

35 04 

009 

ST 02 

35 02 

037 

R/S 

51 

065 

R/S 

51 

093 

R/S 

51 

010 

1IX 

52 

036 

*LBLC 

21 13 

066 

*LBLD 

21 14 

094 

*LBLE 

21 15 

Oil 

ST03 

35 03 

039 

ST04 

3504 

067 

ST03 

35 03 

095 

ST03 

35 03 

012 

R 1 

-31 

040 

Rl 

-31 

06 8 

R 1 

-31 

096 

R l 

-31 

013 

+ 

-24 

041 

ST06 

3506 

069 

ST06 

3506 

097 

ST04 

3504 

014 

ST04 

35 04 

042 

RCL4 

3604 

070 

RCL3 

36 03 

098 

GTOI 

2201 

015 

* LBL1 

2101 

043 

4 

04 

071 

2 

02 

099 

* LBL9 

2109 

016 

RCL3 

36 03 

044 

X 

-35 

072 

X 

-35 

100 

1 

01 

017 

2 

02 

045 

LOG 

1632 

073 

X2 

53 

101 

STOI 

3501 

016 

x 

-35 

046 

ST-5 

35-45 05 

074 

1 

01 

102 

RCL5 

3605 

019 

X2 

53 

047 

RCL1 

3601 

075 

+ 

-55 

103 

RCL1 

3601 

020 

1 

01 

046 

X = 0? 

16-43 

076 

Vx 

54 

104 

RTN 

24 

021 

+ 

-55 

049 

GSB6 

2308 

077 

LOG 

1632 

105 

* LBL8 

2108 

022 

Vx 

54 

050 

RCL6 

3606 

076 

ST-5 

35-4505 

106 

1 

01 

023 

RCL4 

35 04 

051 

X 

-35 

079 

RCL1 

3601 

107 

STOI 

35 01 

024 

4 

04 

052 

6 

06 

080 

X — 07 

16-43 

108 

RTN 

24 

025 

X 

-35 

053 

9 

09 

081 

GSB7 

2307 

109 

* LBL7 

2107 

026 

x 

-35 

054 

-T- 

-24 

082 

RCL6 

36 06 

110 

1 

01 

027 

LOG 

1632 

055 

RCL5 

36 05 

083 

X 

-35 

111 

STOI 

35 01 

026 

6 

06 

056 

+ 

-55 

084 

6 

06 

112 

RTN 

24 










113 

R/S 

51 


table 25. HP-67/97 program control for calculating Z 0 . h/d. 
and h/D for two parallel wires over a plane. 



table 24. Register contents 

for HP-67/97 

program for 

calculating Z 0 

, h/d. and h/D 

for two parallel wires over a 

plane. 


STOO 

e 

STOI 

JT r 

ST02 

D/h 

ST0 3 

h/D 

ST0 4 

h/d 

STO 5 

INTERIM 

ST06 

Z 0 
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Fig. 14 shows h/d versus Z 0 for eq. 32. Table 28 is 
the HP-67/97 program for calculating Z 0 and h/d. 
Table 27 shows the registers used. Table 28 shows 
how the program is controlled. 

Table 29 is the HP-67/97 program for calculating 
Z 0 , h/w, and w/d given any two of the unknowns for 
any rectangular configuration, which is the general 
solution of eq. 29. Table 30 indicates the storage 
registers used in the program, and table 31 shows 
how the program is controlled. Fig. 15 is a plot of Z 0 
versus w/d for various values of h/w from eq. 29. 
Note that eq. 29 is solved directly for Z 0 in table 29. 
If Z 0 and w/d are given, h/w is solved by using eqs. 
33, 34, and 35. A similar variant is used if h/w is 
known and w/d must be calculated. 


ZpyfTr / 4w 
138 - 1 1 °S10 d 


(33) 


recognizing that 


A common application of this configuration is in rf 
amplifiers, mixers, and local oscillator or multiplier fil¬ 
ter elements at 100 MHz and above. The generalized 
formulation (reference 4) for a circular wire in an 
open trough is given by: 



for d<<h, w 

where Zp = line impedance (ohms) 
e r = dielectric constant 
d = wire diameter 

h = centerline height of wire over plane 
w = width of trough with wire positioned in 
center 

The formulation can be simplified considerably if one 
assumes a square open trough where w (trough 
width) equals 2h (two times the centerline height of 
the wire over the bottom plane). The resulting formu¬ 
la for a square open trough is: 

Zo= ^ logio <30) 

and tanh ^ = 1.0 (31) 


tanhx = * ‘ - (34) 

e* + e * 

and tanh-ix = 1/2 (36) 


tabla 26. HP-67/97 program for calculating Z 0 and h/d for a 
circular wire In a square trough. 


step 

HP-97 

HP-97 

step 

HP-97 

key 

HP-97 

001 

*LBLA 

21 11 

018 

1 

07 

m 

STO0 

35 00 

019 

3 

03 

m 

Vx 

54 

020 

8 

08 

m 

STOI 

35 01 

021 

X 

-35 

m 

RTN 

24 

022 

ST04 

35 04 

m 

*LBLB 

21 12 

023 

'LBL2 

2102 

m 

+ 

-24 

024 

RCL1 

36 01 

m 

ST02 

35 02 

025 

X = 0? 

16-43 

009 

•LBL1 

21 01 

026 

GSB9 

2309 

070 

2 

02 

027 

-i- 

-24 

077 


-62 

028 

ST03 

35 03 

072 

5 

05 

029 

R/S 

51 

073 

4 

04 

030 

•LBLC 

21 13 

074 

6 

06 

031 

ST03 

35 03 

075 

5 

05 

032 

1 

01 

016 

X 

-35 

033 

3 

03 

017 

LOG 

1632 

034 

8 

08 
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table 26. HP-67/97 program for calculating Z 0 and h/d for a table 28. HP-67/97 program control for calculating Z 0 and 

circular wire in a square trough (continued). h/d for a circular wire In a square trough. 
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table 29. HP-67/97 program for calculating h/w, and w/d fora circular wire in a rectangular trough. 


step 

HP-97 

key 

HP-97 

code 

step 

HP-97 

HP-97 

step 

HP-97 

key 

HP-97 

step 

HP-97 

key 

HP-97 

mi 

*LBLA 

21 11 

039 

Pi 

16-24 

077 


-24 

115 

ST04 

35 04 

<m 

STOO 

35 m 

040 

-*- 

-24 

078 

Pi 

16-24 

116 

e* 

33 

m 

Vx 

54 

041 

LOG 

1632 

079 

X 

-35 

117 

ST05 

35 05 

m 

STOI 

35 01 

042 

1 

01 

080 

STOA 

35 11 

118 

RCL4 

3604 

m 

RTN 

24 

043 

3 

03 

081 

1 

01 

119 

CHS 

-22 

m 

*LBLB 

21 12 

044 

8 

08 

082 

+ 

-55 

120 

e* 

33 

m>7 

R 1 

-31 

045 

X 

-35 

083 

STOB 

35 12 

121 

ST+5 

35-55 05 

006 

+ 

-24 

046 

ST08 

35 08 

084 

RCLA 

36 11 

122 

RCL4 

36 04 

009 

ST02 

3502 

047 

‘LBL1 

2101 

085 

CHS 

-22 

123 

e* 

33 

010 

R 1 

-31 

048 

RCL1 

36 01 

086 

1 

01 

124 

ST06 

35 06 

Oil 

-5- 

-24 

049 

X = 0? 

16-43 

087 

+ 

-55 

125 

RCL4 

36 04 

012 

ST03 

3503 

050 

GSB9 

2309 

088 

1/X 

52 

126 

CHS 

-22 

013 

'LBL1 

2101 

051 

X 

-35 

089 

RCLB 

36 12 

127 

e* 

33 

014 

RCL2 

36 02 

052 

ST09 

35 09 

090 

X 

-35 

128 

ST-6 

35-45 06 

015 

Pi 

16-24 

053 

R/S 

51 

091 

LN 

32 

129 

RCL6 

3606 

016 

X 

-35 

054 

* LBL9 

2109 

092 

2 

02 

130 

RCL5 

36 05 

017 

ST04 

3504 

055 

1 

01 

093 

+ 

-24 

131 

-r 

-24 

018 

e* 

33 

056 

STOI 

3501 

094 

Pi 

16-24 

132 

LOG 

16 32 

019 

ST05 

35 05 

057 

RCL8 

36 08 

095 

+ 

-24 

133 

CHS 

-22 

020 

RCL4 

36 04 

058 

RTN 

24 

096 

ST02 

35 02 

134 

ST+8 

35-55 08 

021 

CHS 

-22 

05 9 

*LBLC 

21 13 

097 

R/S 

51 

135 

RCL8 

36 08 

022 

e* 

33 

060 

ST03 

35 03 

098 

*LBLD 

21 14 

136 

7®* 

16 33 

023 

ST+5 

35-55 05 

061 

Rl 

-31 

099 

ST02 

35 02 

137 

4 

04 

024 

RCL4 

3604 

062 

ST09 

3509 

irn 

Rl 

-31 

138 

+ 

-24 

0725 

e* 

33 

063 

1 

01 

101 

ST09 

35 09 

139 

Pi 

16-24 

026 

ST06 

35 06 

064 

3 

03 

102 

1 

01 

140 

X 

-35 

027 

RCL4 

3604 

065 

8 

08 

103 

3 

03 

141 

ST03 

35 03 

028 

CHS 

-22 

066 

-=. 

-24 

104 

8 

08 

142 

R/S 

51 

029 

e* 

33 

067 

ST08 

35 08 

105 

H- 

-24 

143 

* LBL8 

2108 

030 

ST-6 

35-45 06 

068 

RCL1 

3601 

106 

ST08 

35 08 

144 

1 

01 

031 

RCL6 

36 06 

069 

X-O? 

16-43 

107 

RCL1 

36 01 

145 

STOI 

35 01 

032 

RCL5 

3605 

070 

GSB9 

2309 

108 

X = 0? 

16-43 

146 

RCL8 

36 08 

033 

.j. 

-24 

071 

x 

-35 

109 

GSB8 

2308 

147 

RCL1 

36 01 

034 

ST07 

35 07 

072 

10 * 

1633 

110 

X 

-35 

148 

RTN 

24 

035 

RCL3 

36 03 

073 

RCL3 

3603 

111 

ST08 

35 08 

149 

R/S 

51 

036 

X 

-35 

074 

1IX 

52 

112 

RCL2 

36 02 

150 

*LBLE 

21 15 

037 

4 

04 

075 

X 

-35 

113 

Pi 

16-24 

151 

ST02 

35 02 

038 

X 

-35 

076 

4 

04 

114 

X 

-35 

152 

Rl 

-31 










153 

ST03 

35 03 










154 

GTOI 

2201 










155 

R/S 

51 


parallel wires 

between planes/ T ® ®-p 

rectangular box _I_ 

This configuration is often used for high-powered, 
push-pull amplifiers. Even though the formulation in 
eq. 36 does not consider the effects of side walls (only 
top and bottom planes), good results can be obtained 
if the lines are centered between the side walls and 
the distance from either wire to the side wall is at 


least greater than h/2, as shown in the sketch. A 
more exact formulation for balanced two-wire lines in 
a rectangular enclosure is given in reference 4 and 
discussed later in this section; however, it requires a 
rather tedious series of calculations. 

The following formulation, also from reference 4, 
is based upon this relationship: 
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For those who wish the exact relationship, it is given below from ( reference 4; the geometry is in fig. 16. 


where 


7-o = 




l0gl ° (S) { tanh fh )_ 


- 5 logio 



Zo = line impedance (ohms) 
e r = dielectric constant 
h = spacing between planes with the lines 
centered 

D = centerline distance between the lines 
d = diameter of the lines (lines are assumed 
to be of equal diameter) 


and 

U m 


V m 




cosh 




( 37 ) 


(38) 

(39) 


table 32. HP-67/97 program for calculating Z„, h/d, and D/h for two parallel wires between planes/rectangular box. 


step 

HP-97 

HP-97 

step 

HP-97 

key 

HP-97 

step 

HP-97 

HP-97 

step 

HP-97 

HP-97 

001 

*LBLA 

21 11 

039 

R/S 

51 

077 

-e- 

-24 

115 

RCL5 

3605 

002 

STO0 

35 00 

040 

*LBLC 

21 13 

078 

ST06 

35 06 

116 

CHS 

-22 

003 

Vx 

54 

041 

ST02 

35 02 

079 

RCL1 

3601 

117 

e* 

33 

004 

STOI 

3501 

042 

R l 

-31 

080 

X = 0? 

16-43 

118 

- 

-45 

005 

RTN 

24 

043 

ST04 

35 04 

081 

GSB8 

2308 

119 

RCL8 

36 08 

006 

*LBLB 

21 12 

044 

2 

02 

082 

X 

-35 

120 

-=- 

-24 

007 

Ri 

-31 

045 

7 

07 

083 

ST06 

3506 

121 

RTN 

24 

008 

~ 

-24 

046 

6 

06 

084 

RCL3 

36 03 

122 

*LBL8 

2108 

009 

ST02 

3502 

047 

~ 

-24 

085 

4 

04 

123 

1 

01 

010 

m 

-31 

048 

ST06 

35 06 

086 

X 

-35 

124 

STOI 

3501 

011 


-24 

049 

RCL1 

36 01 

087 

Pi 

16-24 

125 

RCL6 

36 06 

012 

ST03 

3503 

050 

X = 0? 

16-43 

088 


-24 

126 

RCL1 

36 01 

013 

'LBL1 

2101 

051 

GSB8 

2308 

089 

LOG 

1632 

127 

RTN 

24 

014 

4 

04 

052 

X 

-35 

090 

ST-6 

35-4506 

128 

* LBL7 

2107 

015 

X 

-35 

053 

ST06 

3506 

091 

RCL6 

36 06 

129 

1 

01 

016 

Pi 

16-24 

054 

RCL2 

36 02 

092 

X<0? 

16-45 

130 

+ 

-55 

017 

- 

-24 

055 

Pi 

16-24 

093 

GSB6 

2306 

131 

1 

01 

018 

LOG 

1632 

056 

X 

-35 

094 

10 * 

1633 

132 

RCL7 

36 07 

019 

ST06 

35 06 

057 

2 

02 

095 

*LBL5 

2105 

133 

- 

-45 

020 

RCL2 

36 02 

058 

+ 

-24 

096 

ST07 

35 07 

134 

+ 

-24 

021 

Pi 

16-24 

059 

GSB9 

2309 

097 

GSB7 

2307 

135 

LN 

32 

022 

x 

-35 

060 

LOG 

1632 

098 

ST02 

35 02 

136 

2 

02 

023 

2 

02 

061 

ST-6 

35-45 06 

099 

RIS 

51 

137 

+ 

-24 

024 

+ 

-24 

062 

RCL6 

36 06 

100 
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Note that the open-sided equation (eq. 36) repre¬ 
sents the maximum value of Z# that can be achieved 
with no side enclosure. The sum of the series in eq. 
37 reduces this value of Z 0 by the closing-in effect of 
the sides. As a consequence, if eq. 37 and the charts 
and programs provided here are used, a conservative 
design will result, permitting the addition of more ca¬ 
pacitance than the values calculated, as described in 
a previous section. 

Fig. 17 shows the value of h/d plotted versus D/h 
for various values of Z 0 . Table 32 is the HP-67/97 




program for calculating Z 0 , D/h, or h/d depending 
on which variables are given. Table 33 shows the 
registers used in the program, and table 34 describes 
how the program is controlled. 

A more simplified formulation for eq. 36 is used in 
the program to permit calculation of the desired 
unknowns: 



table 33. Register contents for HP-67/97 program for calcu¬ 
lating Z 0 , h/d, and D/h for two parallel wires between 
planes/rectangular box. 


STOO 

ST01 

ST02 

ST03 

ST04 

n/T 

D/h 

Z„ 

ST05 * for tanhx 

ST06 INTERIM 

STO 7 tan - ‘x 

ST08 INTERIM 

table 34. HP-67/97 program control for calculating Z„. h/d, 
and D/h for two parallel wires between planes/rectangular 
box. 

calculates 

e r 


enter 

( f 

press A 

calculates 

Zg 


enter 

d 

press ENTER 

enter 

D 

press ENTER 

enter 

h 

press ENTER 



press B 

calculates 

h/d 


enter 

Zg 

press ENTER 

enter 

D/h 

press C Note: If no value for 

calculates 

D/h 

e r is entered, program 

enter 

Zg 

press ENTER assumes e, = I = an. 

enter 

h/d 

press D 

calculates 

Zg 


enter 

h/d 

press ENTER 

enter 

d/h 

press E 


In the next part of this article, part 4, the geometry 
and resonant-circuit design of the following configu¬ 
rations will be discussed: circular wire in a square 
shield, stripline over a plane, stripline centered 
between parallel planes, and helical resonators. 
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tebook 


computer control for 
the KLM antenna rotor 

The most obvious approach to mi¬ 
croprocessor control of antenna 
rotors does indeed workl In fig. 1 two 
CMOS quad-clocked D latches, U1, 
are connected in parallel to the first 
four least-significant digits of an in¬ 
put/output port of a computer. The 
computer enables first one, then the 
other latch, leaving behind an 8-bit 
word. 

This byte, a number between 0- 
255, is converted through the classic 
"R-2R" network to a voltage be¬ 
tween 0-5 volts. This voltage is com¬ 


pared with the voltage returning from 
the wiper of the potentiometer in the 
rotor housing. 

The comparators turn on solid- 
state switches, which are connected 
across the clockwise and counter¬ 
clockwise front-panel switches on the 
rotor control box. 

Thus the antenna will rotate in the 
direction that minimizes the differ¬ 
ence between the two voltages. 

The two 820k resistors provide a 
deadband so that when the proper 
heading is reached, the rotor will stop 
— not hunt. 

Because the quad comparator, U2, 
loses all resemblance to a comparator 


as the inputs approach the upper rail, 
adjust the 15-turn pot, R, for a com¬ 
parator input voltage of about 3.5 
volts at full rotation. This voltage cor¬ 
responds to a byte of 180. Then 
merely have the computer poke down 
to the latches a number between 
0-180, which is one-half the required 
azimuth heading (or twice the re¬ 
quired elevation). 

The terminal numbers indicated in 
fig. 1 are for the KLM KR-400 and 
KR-500 rotors. Terminal 8 must be 
wired to the common connection of 
the two front-panel direction con¬ 
trols. Solid-state switches can be 
homebuilt with an opto-triac driver 
and triac, as in fig. 2. 

This interface is very precise — 
four-degree resolution or better at 
most headings. The circuit will read¬ 
just for sudden wind gusts, voltage 
variations, etc., without complex 
software. The computer needs only 
to enter direction data every minute, 
say, using only a few machine cycles 
then go on to other work. 

I conclude with a report of negative 
results: my first attempt at such an in¬ 
terface was with the new low-cost 



RCA CA3162E, two 4-bit magnitude 
comparators and four latches. The 

fig. 1. left: interface P lan W3S t0 COnvert the u r0t0r headi " g 

circuit for microproc- to digital information, then compare, 

essor control of the Aside from problems with the multi- 

klm kr-400 and KR- p | e x timing of the 3162, this was a 

500antenna rotor*. wasteful approach. At least ten com¬ 

parators were at work instead of two! 

fig. 2, below: Sche¬ 
matic of the solid- 

state switches, con- C.R. Mac Cluer, W8MQW 

slstlng of optically 

coupled triac driver 

and 6-ampere triac 

with heatsink. 
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varactor tuning tips 

In tuning power varactor doublers, 
triplets, etc., there is often a sharp or 
sudden discontinuity in the tuning of 
one or more of the tuned circuits; a 
condition known as hysteresis. 

While hysteresis is caused by some 


non-linearities in the diode function, 
it seems that it may also be a result of 
the circuit "Q" aggravating diode 
non-linearities. I figured that it might 
be possible to lessen the effect by a 
reduction in circuit "Q." Accordingly, 

I reduced the bias resistor in my 144- 


to-432 MHz tripler from 92 kilohms to 
about 12 kilohms. I was pleased to 
note that circuit performance was ac¬ 
tually improved — tuneup was easier, 
and there was no appreciable loss of 
power output. 

Richard N. Coan, N3GN 


woodpecker noise 
blanker for the Drake 
TR-7 transceiver 

If you have been reading the arti¬ 
cles about the "Woodpecker Noise 
Blanker" 1 and wished your TR-7 
could do the same to the "Russian 
Woodpecker," it can — with just two 
component changes. The Drake 
noise blanker for the TR-7 is function¬ 
ally the same block diagram; the 
problem is that the one-shot and inte¬ 
grator time constants aren't set up for 
the Woodpecker. 

I increased C831 from 0.001 /tF to 
0.01 /iF and the one-shot capacitor 


from 0.01 fiF to 0.1 /iF. The results 
were fair to good. A 10-20 dB over S9 
Woodpecker signal would be cut 
back to S5-6 with no real distortion to 
SSB, CW, or RTTY. I called Drake 
about the idea, but they have also 
made a change which will be in new 
NB7s to be sold soon. Their results 
were about the same as regards at¬ 
tenuation of the Woodpecker signal. 
Drake sent me a copy of their 
changes and I'll compare it with what 
I've done. 

The noise blanker works best on 
strong Woodpecker signals (over 
S7). I have received three Woodpeck¬ 
ers each with its own signature. All 
have the same rate of 100 millisec¬ 


onds (probably due to a division of 
the 50-Hz power line) but differ in 
pulse width and rise time. 

The changes are simple and not 
critical. The only problem is that in 
my service manual, the pictorial 
didn't show the position of C840. Fig. 
3 shows the area of the schematic 
where the changes are made, and 
fig. 4 shows the pictorial of the com¬ 
ponents to be changed. 

I would like to thank W1IHN for al¬ 
lowing me to use his noise blanker to 
test this idea. 

reference 

1. Ulrich L. Rohde, DJ2LR, "Woodpecker Noise 
Blanker." ham radio, June, 1980, page 18. 

John Bird, K1KSY 
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METERS 

THE TOP 
OF THE LINE 


PEAK READING 


WATT METER WM-2000A 
reads power in 200, 1000, 
2000 watt ranges. 3.5-30 
MHz. Reads average or PEP 
power output. Includes ex- 


p 


MORILE WATT METER 

HFM-200 with remote direc¬ 
tional coupler reading 20 or 
200 watts. 3.5-30 MHz. Il¬ 
luminated, with VSWR scale. 




AMATEUR Radio | 

EQUIPMENT " 
DIRECTORY 


FACSIMILE 


TELETYPE 


Available only trough 
authorized dealers , 

FEBRUARY 14 and 15 starts off the phone portion of the 

YLOM contest. The CW segment will be on February 28 

NOT A 

A CUBIC 

W COMMUNICATIONS,INC. 

UTC.They are to be treated separately and separate logs 
are to be kept OMs call “CO YL“ and YLs call “CO OM'\ 

SUBSCRIBER? 

andmuat'be al'aned*”” 'iogXlll'be 

DO IT TODAY! 

305 Airport Rd. * Oceanside, Ca. 92054 

YLRL Vice President, Kay Eyman, WAUWOF, RR *2, 

Use the handy card between 

(714) 757-7525 

Garnett, KS 66032 no later than April 6. Duplicates 

pages 2 & 3 
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earth stonenocker, koryw 


predictions 

We are still in the good old winter DX 
months with February; expect, how¬ 
ever, a couple of periods of short¬ 
lived geomagnetic disturbances from 
solar flares about February 19-21 and 
February 27-March 4. Another long¬ 
er-lasting period of disturbance may 
be expected near February 2-6. The 
best DX periods are probably about 
February 7-10 and 22-27. 

a look at February 

February is the month when 
changes in the ionosphere portend 
leaving the winter DX conditions of 
November, December, and January 
behind. Longer days are beginning to 
be seen as earlier sunrises and later 
sunsets in the northern hemisphere. 
The 10, 15, and 20 meter bands can 
be expected to open sooner in the 
morning and stay open longer into 
the evening. On the 40, 80, and 160 
meter bands, which depend on dark¬ 
ness for their openings, the DX hours 
can be expected to begin to shrink. 
The DXer's evening schedule has to 
wait for sunset. The earlier sunrise 
decreases the S-meter readings of 
the long-skip DX, and exchanges it 
for short skip to the locals. Still, there 
are many hours in which to take ad¬ 
vantage of the superb winter DX. 

February is often the month with 
the highest mean solar radio flux 
values of the year. This is a long-last¬ 
ing, averaging effect of the earth's 
being closer to the sun this time of 
year, and the winter months of No¬ 
vember, December, and January be¬ 


ing geomagnetically the quietest of 
the year. The combined result is that 
the ionosphere usually supports the 
highest daytime high-frequency and 
vhf DX paths of the year for many of 
the years of any particular eleven- 
year solar cycle. 

The moon is at perigee on February 
9. An annular eclipse of the sun takes 
place for our down-under and South- 
Pacific friends. The annular path 
(maximum duration is 1 minute 11 
seconds) goes from the Island of Tas¬ 
mania south of Australia at sunrise 
(1928 UT), then south of New Zea¬ 
land, and across the South Pacific 
almost to Peru at sunset (0049 UT). 
The eclipse will be seen across the 
east side of Australia, across Antarc¬ 
tica (McMurdo from 2110 to 2220 
UT), and from Chile, Argentina, Peru 
and Central America at its end. All 
this goes on from February 4 (1928 
UT) to 5 (0049 UT). 

band-by-band summary 

Six meters will open occasionally 
toward Europe, that is, to the east, 
before noon, toward the south during 
noontime to afternoon, and toward 
the west and northwest in the late 
afternoon into early evening. The 
best openings are most likely trans- 
equatorial during high solar radio 
flux. 

Ten and Fifteen meters will exhibit 
the same pattern as 6 meters but will 
be open a longer part of the day. This 
is particularly true this month since it 
is nearing springtime with its notice¬ 
ably longer days and its probably 


higher maximum usable frequencies 
from higher solar flux. Short skip (500 
to 1500 miles) is part of the fun on 
these bands, like the lower frequency 
bands. The short-skip opening pat¬ 
tern, although closer to mid-day, is 
the same follow-the-sun sequence as 
mentioned for 6 meters. 

Twenty meters is a great band for 
everyone's pleasure, limited only by 
QRM. It should be open nearly every 
day and late into each evening to al¬ 
most every part of the world. Best DX 
conditions can be expected just after 
sunrise and just before sunset for 
long skip. Short skip will be essential¬ 
ly as given for 10 and 15 meters, ex¬ 
cept for longer openings during 
midday. 

Forty meters begins its transition into 
a night band. Short skip during the 
daytime in winter, however, gives 
some interesting opportunities for 
working your close neighbors for the 
WAS certificate. Then, at evening 
time, as the long skip (1000 to 2500 
miles) develops, reach out for the far 
states and the WAC certificate. This 
band is very active to most areas of 
the world. In late afternoon the band 
will open to Europe, then swing 
around to South Africa and Central 
and South America, and then swing 
still farther into the Pacific by dawn. 

Eighty and One-Sixty meters DX con¬ 
ditions will be very good this month. 
Soon the atmospheric noise of the 
spring storms will give days of short 
skip QRN and local QRN. On toward 
summer the static will become so bad 
that DX will have to be forgotten until 
fall. Take advantage of what's left of 
this year's quiet winter season. The 
directional pattern for these bands is 
similar to that of 40 meters. The low 
take-off angle of vertical antennas is 
very useful for DX here. Horizontal 
antennas are mainly short skip, high- 
take-off-angle radiators because of 
being so close to the ground. Look 
for particularly interesting DX as 
these bands come in (open) near sun¬ 
set and go out at sunrise. 
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Antenna Baiuns 


NEW! Quad Transformer. 

Matches 3-band quads to single 50 ohm 
coaxial cable 

Model Q3 $32.50 





1 Kw CW, 3 Kw PEP input. For dipoles, 
inverted Vees. beams, quads. Depend¬ 
able, Takes temporary overloads in 
stride. Specify 1:1 or 4:1 ratio. 

Model IK $32.50 


2 Kw CW. 6 Kw PEP input. Far more 
rugged than any other balun made for 
amateur use. Specify 1:1 or 4:1 ratio. 


Model 2K $42.50 



2 Kw CW, 6 Kw PEP input. Our heavy 
duty balun with mounting bracket for 2" 
mast or boom. Specify 1:1 or 4:1 ratio, 

Beam Balun $47.50 


Only Palomar Baiuns Have All These 
Features: 

• RF toroidal core for highest 
efficiency. 

• Teflon insulated wire. 

• Stainless steel hardware. Won't rust. 

• Epoxy filled case. Waterproof. 

• Wideband 1.7 to 30 MHz. 

• White case to reflect Ihe sun. 

• Lighting protection built in. 

Free brochure sent on request. 

How many light weight baluns have you 
burned out already? Install the balun that 
will stay up there working year after year. 



To order, add $3 shippingfhandling. 
California residents add sales tax. 


Palomar 

Engineers 

Box 455, Escondido, CA. 92025 
Phone: [714] 747-3343 


short circuits 

regulated power supply 

The following corrections should be 
made to the schematic on page 58 of 
the September, 1980, issue of ham 
radio : M2 is 0-10 amps dc; Cl is 100 
/iF; C2 is a 0.01 -/xF/ 100-volt disc ce¬ 
ramic; the capacitor at pin 9 of U1 is 
500 pF/IOOV paper/Mylar. 

quads and quagis 

In W2PV's quads and quagis article, 
which appeared in the September, 
1980, issue of ham radio, fig. 2 on 
page 38 should be turned 90 degrees 
to correspond with the caption. On 
page 45, in the last line of item two in 
the summary, the ratio should be ex¬ 
pressed as width to height ( W/H). 


measuring inductance 
and capacitance 


The Ham Notetook item on this sub¬ 
ject by W2CHO that appeared on 
page 68 of the July issue should have 
included this equation: 


LC = 


' / 


L\ 


(2*)2 [P So 2 ) 


digital logic probe 

In fig. 5 of N6UE's digital logic probe 
article ( ham radio, August 1980), pin 
1 of U1 (not pin 16) goes to Vdd- In 
fig. 6 there should be traces from the 
emitter of Q1 to ground, from V cc to 
the collector of Q2, and from the col¬ 
lector of Q1 to pin 2 of 02. 


CW regenerator 

The values of two capacitors are in¬ 
correct as printed in W3BYM's article 
(October, 1980, ham radio). C3 
should have a value of 2.2 /tF, C4 a 
value of 1.0/iF. 


super quad 

The boom pictured in fig. 4 of 
W3NZ's article (November, 1980, 
ham radio) should be solid PVC, not 
PVC tubing. 
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I'D BUY FROM US 


YOUR INQUIRY OR ORDER WILL 
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AUTHORIZED .lUiVa DISTRIBUTOR 
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115 BELLARMINE 
ROCHESTER, Ml 48063 


CALL TOLL FREE 

800 - 521-2333 
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COAXIAL CABLE 


SEND FOR FREE CATALOG 
MIL SPECS - POLYETHYLENE 
34cm. RG213 nonconfamlnatlng 34</ft. 

25C/H. RG11/U 75 ohms 25t/ft. 

tOcm. RG62/U 93 ohms 

LOW LOSS FOAM 


lOc/ft. RG58U 95% shield lOc/ft. 

Ilc/fl. RG58AAJ stranded IH/ft. 

18cm. Rotor cable 2-10ga,6-22ga IBc/ft. 

Shipping $2.50 first 100 ft.. $1.50 ea. add'l. 100 ft. 
* BELDEN SPECIAL * 

24cm. RG8U 80% shield 24i/ft. 

CONNECTORS 

PL-259 10/35.89 SO-239 10/15.89 oa. 


UG-i75or 176 Reducer 1C 


dd 10%. Minimum $1.50. 
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306 Vernon Ave., 
Vernon, CT 06066 
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't Observation 
& Opinion 




The January, 1981, issue of ham radio, which incorporated Ham Radio Horizons, resulted in a flood 
of mail. Responses were mixed, as expected. Readers who had never seen an issue of ham radio 
were surprised and pleased with the new magazine. Old-guard ham radio readers appreciated the 
new mix of articles. We also received complaints from Horizons readers, who expected all of their 
favorite features in the combined magazine. 

A major change in a magazine format, such as was begun in the January, 1981, issue cannot be 
accomplished overnight. When the decision was made to discontinue Ham Radio Horizons, the 
January, 1981, issue of ham radio was almost "locked up" and ready to be sent to the printer. This 
state of affairs resulted in an intense scramble to include at least some of the Ham Radio Horizons 
articles. Production schedules are demanding and unforgiving in the magazine-publishing business, 
so it was impossible to include all the Horizons features in the January issue. Under the circum¬ 
stances, we did the best we could. 

We don't intend to abandon our faithful Horizons readers, nor do we intend to compromise the 
technical integrity of the magazine. If Horizons readers will bear with us for a few months, they will 
find more and more articles and features that made the Horizons magazine so popular. Ham radio 
has enjoyed a reputation for technical excellence for many years. We plan to continue this tradition. 

Suggestions for article subjects were many and varied. These and the constructive criticism we 
received are gratefully appreciated. All were carefully considered, and future issues, now in the plan¬ 
ning stage, will include as many different subjects as space will allow. 

We received requests ranging from "more antenna theory" to "more on operating practices, sta¬ 
tion accessories, DX, and elementary theory." The demand for the continuation of "Ham Radio 
Techniques," "DXer's Diary," "Equipment Owners' Survey," and "Q and A" came through loud 
and clear. We got the message. You will see these features as well as some great stories that we've 
been keeping on the back burner. For the advanced Amateur, we have some interesting construction 
articles — in short, something for everyone. You asked for it; you'll get it. 

caution 

I'd like to direct your attention to a letter in this month's "Comments" column taking us to task for 
a potential safety hazard in the modular amplifier article that appeared in the January issue on page 
12. It's a point very well taken, and I'd recommend that anyone planning to build this circuit take a 
close look at my reply to the letter. 

That's it for now. See you next month. 

Alf Wilson, W6NIF 
Editor 
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comments 


safety hazard 

Dear HR: 

The otherwise excellent design of 
the modular linear amplifier by K8RA 
in the January, 1981, issue contains a 
potential safety hazard. In fig. 3, the 
amplifier control circuit, the two 
transformers are shown with one side 
of their primary windings connected 
to ground. If these primaries ever 
become disconnected from ground or 
were not properly soldered to the 
chassis, the entire chassis would be 
floating at 110 volts ac above ground. 
I sure wouldn't want to be touching 
the chassis if that ever happened. 

Dave Karpiej, K1THP 
Plainville, Connecticut 


■■aidtf”' 

TIA. TIB SV, ISA STANCOR PS433 OR EQUIV. 


Neither would I. An easy and inex¬ 
pensive solution is to use two small 
filament transformers connected 
back-to-back as shown in the draw¬ 
ing. This circuit thus isolates the two 
transformers in the amplifier control 
circuit and provides a much-needed 
safety feature. Editor. 


Dear HR: 

The circuit in the September, 1980, 
issue of ham radio referred to by Mr. 
Nelson is used in several thousand 
commercial radio telephone trans¬ 


ceivers in New Zealand, and the 
notes I made on it were as a result of 
my bench work following modifica¬ 
tions to put it on 144 MHz. The short¬ 
ing of the crystal was only during a 
test setup. (Surely Mr. Nelson does 
not think I employ a little green man 
to short out the crystal each time I 
switch it onl) It is still flying too, after 
a year's operation. 

True, there were other circuits in 
his article which probably would have 
been suitable, but this was the circuit 
built into the equipment so it had to 
be got going on its new frequency. It 
was satisfactory outside the Amateur 
band in its commercial use. 

B.E. Graham Goodger, ZL2RP 
Napier, New Zealand 

Dear HR: 

Author Mead, K4DE, did an excel¬ 
lent job of making a complex subject 
clear with his article, "How to Deter¬ 
mine True North for Antenna Orienta¬ 
tion." The only problem is that two 
years from now we will all have for¬ 
gotten where that issue of ham radio 
is, along with its graph for the equa¬ 
tion of time. There is another way to 
determine the time of meridian pas¬ 
sage of the sun (local apparent 
noon), a way which does not require 
knowledge of the equation of time. It 
goes like this: 

Look in your local newspaper and 
record the times of sunrise and sun¬ 
set. Convert the sunset time to 24- 
hour time by adding 12 hours to it. 
Subtract the time of sunrise from the 
time of sunset. Add half the differ¬ 
ence to the time of sunrise. You now 
have the time of meridian passage of 
the sun for the location for which the 
times of sunset and sunrise were 
computed. You will now have to de¬ 
termine what that location is (a call to 
the local U.S. Weather Service Office 
is probably your best bet) and make a 
correction for longitude difference 
between that location and your QTH, 
as explained in Mr. Mead's article. 

Since the times of sunrise and sun¬ 
set as published in newspapers are 
accurate only to the nearest minute, 


this method may not be quite as ac¬ 
curate as the method explained by 
author Mead. However, even though 
the sun's azimuth is changing more 
rapidly at meridian passage than at 
any other time of the day, 30 sec¬ 
onds' error in time will result in only a 
fraction of a degree of error in the re¬ 
sulting orientation. As an example, at 
latitude 35 degrees the azimuth 
change in 4 minutes at meridian pas¬ 
sage is 1.7 degrees when the sun's 
declination is 0 degrees; it's 1.1 de¬ 
grees when the sun's declination is 23 
degrees south and 4.4 degrees when 
the sun's declination is 23 degrees 
north. Happy hunting to all you seek¬ 
ers after true north! 

Thurman Smithey, N6QX 
Chula Vista, California 


Dear HR: 

In response to W6DLQ, I would like 
to say the following: there are a varie¬ 
ty of ways of determining true north. 
W6DLQ has correctly pointed out 
one of the better-known methods. 
My article was intended to be both 
educational and practical, and, in par¬ 
ticular, to introduce some little- 
known concepts that can be used in 
Amateur Radio practice. 

The use of Polaris is limited to 
those regions of the globe where the 
star is visible. This rules out the entire 
Southern Hemisphere, as I'm sure 
Jim realizes. Azimuth by meridian 
transit of the sun, on the other hand, 
does not have this limitation. Further, 
because Polaris is a circumpolar star 
(sidereal hour angle 329°, declination 
89° N), accurate work requires a the¬ 
odolite for taking azimuths at each 
elongation (not simply at dawn and 
dusk), afterwards splitting the differ¬ 
ence. Alternatively, a time sight (at 
either upper or lower culmination) 
may be precomputed using the local 
hour angle of Aries and the Green¬ 
wich hour angle of Polaris. Tables for 
this method, along with latitude cor¬ 
rections, are included in the nautical 
almanac. 

Donald C. Mead, K4DE 
Greensboro, North Carolina 
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CABLE TV SYSTEMS , now expanding rapidly into many major urban areas, are posing a 
potential threat to Amateur Radio operations. Since they are supposed to be closed 
(non-radiating) systems, many utilize the VHF spectrum from 50 to above 225 MHz for 
their multi-channel content, providing subscribers with continuous tuning converters 
to permit them to tune in cable channels outside the standard 12-channel VHF TV band. 
This puts some cable-carried signals into the Amateur (as well as aircraft and public 
safety) bands, and when systems leak (an all-too-common occurrence due to corrosion, 
loose connectors, or cable damage) interference results. Cases of cable-system inter¬ 
ference on Amateur repeater inputs have been documented. 

Amateur Interference To Cable Reception is the other side of the coin. Cable sub- 
scribers who've paid to watch cable material being transmitted within an Amateur band 
aren't likely to be very sympathetic when poorly shielded converters pick up Amateur 
signals. The cable interference issue has come to a head in Richland, Washington, 
where Amateurs (and others) have thus far successfully opposed Teleprompter's efforts 
to open its transmissions across the VHF spectrum. Forty to fifty Amateurs were at 
the Richland City Council meeting January 19 to testify along with unhappy cable sub¬ 
scribers and an airline pilot about radiation and poor system performance. They con¬ 
vinced the council to vote against the expansion, and Teleprompter is required to im¬ 
prove its performance and report back March 3. 

ARRL Has Been Watching the development of potential problems from cable TV, and 
would like to hear from any Amateur who has had difficulties with interference to or 
from cable TV systems. Because cable TV is a regulated utility, cable systems opera¬ 
tors are required to take care of problems with their systems. 

ARRL'SDXCC ETHICS RULE . Rule 12, has been strengthened considerably in a move di- 
rected primarily at DX stations who have allegedly been demanding payment before pro¬ 
viding confirmation of a contact. The rules change comes as two additions to Rule 12, 
the first addition stating, "Credit for contacts with individuals who have displayed 
continued poor operating ethics may be disallowed by action of the ARRL Awards Commit¬ 
tee," and the second including "confirmation procedures" as "operating ethics." 

Impetus For The New Rule tightening had come from the ARRL's DX Advisory Committee, 
which in turn had been under ongoing pressure from many DXers over the practices of 
"buying" QSLs. The issue had come to a head following a well-known Israeli Amateur's 
insistence that only QSLs accompanied by a dollar bill would be acknowledged for his 
recent operations from various rare Pacific locations. The specifics of the change 
have been worked out and approved unanimously by the League's Awards Committee, and 
circulated to the DXAC. 

The Expanded Rule 12 will actually become effective with its publication in‘ QST . 
possibly as early as March. There are no plans to enforce it retroactively. 

AH AMATEUR HAS BEEN PUT OFF THE AIR in yet another court action that could have far- 
reaching implications for the Amateur Radio community. In early December, K2AHL of 
Springfield, New Jersey, was ordered by Judge Kentz of the New Jersey Superior Court 
in Elizabeth to cease operating his station, as a result of a suit filed ini 1977 by 
neighbors over TVI and stereo interference. 

The Problem Had Surfaced a year earlier, when, without previous warning, he received 
a letter from the neighbor's lawyer stating that he'd be sued if he didn't stay off 
the air. Since the suit began, technical experts for both sides have agreed that a 
proper antenna plus filters would solve the TVI, and a properly designed stereo system 
would eliminate the problem in that area. Although K2AHL offered them a new stereo, 
they refused to make any changes. The judge apparently agreed they shouldn't have to, 
and even told K2AHL's lawyer he would have the FCC suspend K2AHL's license! 

The Suit Has Cost K2AHL and his family $7,000 thus far, and an appeal is estimated 
at another $10,000. Nonetheless, he’s willing to continue the fight if there are indi¬ 
cations the Amateur community is behind him. 

K6E0A WAS SENTENCED TO THREE YEARS felony probation and fined $500 for his threats 
against FCC engineers who were investigating jamming charges against him in 1979. The 
sentence was handed down in January by the Superior Court In and For the County of Los 
Angeles, and his probation will hinge on the condition that he does not use any of his 
Amateur equipment during the probation period and that he does not threaten, call, or 
harass either FCC officials or certain specified area Amateurs during his three years 
on probation. 

He Will Also Be Required to obtain psychiatric treatment from a qualified M.D. at 
least once a week, and must obey all instructions from his probation officer and all 
other laws during his probation. Failure to comply with any of these conditions could 
out him into prison for the balance of the three years. The judge said the provision 
that he not use his Amateur equipment was an appropriate one in this case, since Munson 
had used his Amateur station in committing his crime! 
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converting surplus 

AN/UPX-6 cavities 


A little scrounging, 
a little work, 
and you’re on 1296 MHz 
with 40 watts output 

In this day of microprocessor control, frequency 
synthesis and miniaturization, the thought of using 
surplus military equipment is almost an anachronism. 
Nevertheless, Amateur Radio can be served by tried 
and true methods — experiment! For example, if 
you've ever considered running more than a few 
watts output on 1296 MHz and have looked at the 
price of transistors capable of producing that power, 
you seek an alternative. One possibility is to obtain 
and convert the three-cavity assembly (described in 
this article) from the AN/UPX-6 transmitter. With 100 
milliwatts of drive and a 600-volt power supply, you 
can obtain about 40 watts output on 1296 MHz. 

According to MIL-HDBK-162B, “Radar Recogni¬ 
tion Set AN/UPX-6 is part of the target identification 
equipment for a radar set in an IFF* system." 


*IFF: Military jargon for “Identification of Friend or Foe." Editor. 


So much for background, and on to the important 
data. The main component of the AN/UPX-6 is Radio 
Receiver-Transmitter RT-264( )/UPX-6 f . The three- 
cavity assembly to be converted is part of that unit. 

Each cavity houses a 2C39A, with the three cavi¬ 
ties gang-tuned to cover a frequency range of 
1080-1130 MHz. I've never seen the complete RT-264 
(O/UPX-6, but the cavity assemblies frequently show 
up at flea markets. (If any of this equipment is avail¬ 
able from surplus dealers, I'm sure that it will be 
advertised shortly after this article is published.) At 
any rate, you can identify the complete receiver- 
transmitter from its nameplate or the cavity assembly 
alone from the pictorial presentation of fig. 1. There 
may be considerably more hardware attached to the 
cavities than shown, but only that part of the assem¬ 
bly shown in fig. 1 is used. Even if the interstage 
coaxial cables have been cut, don’t despair — they 
can be restored with a minimum of effort provided 
that the end ferrules are still attached to the cavities. 

tThe use of open parentheses in military nomenclature indicates that the 
basic number or a letter-suffixed version applies; for example. RT-264/UPX-6, 
RT-264A/UPX-6, etc. 


Robert S. Stein, W6NBI, 1849 Middleton 
snue, Los Altos, California 94022 
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fig. 1. Unmodified an/upx-6 cavity assembly. 


modifying the cavities 

The mechanical modifications that must be made 
to raise the cavities' resonant frequency are relatively 
simple and require only standard hand tools. If you 
follow my instructions exactly as written, you should 
be able to complete the basic conversion in a couple 
of hours: 

1. Remove all extraneous parts and material so that 
only the basic cavity assembly shown in fig. 1 re¬ 
mains. Then refer to fig. 1, as necessary, when per¬ 
forming the following steps. 

2. Remove the heater inductor and all wiring 
between the bases of the cavities and inside the base 
of the third cavity. Also remove the 10-ohm resistor 
and solder lug in the base of the third cavity. 

3. Remove the perforated cover from each cavity. 
Remove the three screws, nuts, and washers that 
secure the spring-loaded tube retainer to the inside of 
each cover. Save the perforated covers; everything 
else may be discarded. 

4. Carefully withdraw the tubes from the cavities (if 
you were lucky enough to find tubes in place) and 
clean out the accumulated dust, cobwebs, and 
spiders. 

5. Remove the square access plate on the side of 
each cavity opposite the view shown in fig. 1. This 
permits access to the rotors of the ganged tuning 
capacitors. Save the access plates and the attaching 
hardware. 

6. Loosen the setscrews that secure all the capacitor 


rotors, bushings, couplings, and spacers to the tun¬ 
ing shaft. 

7. Remove the tuning shafts from the first and third 
cavities by pulling on the end of the shaft with pliers. 
Don't worry about using whatever force is necessary 
— the shaft and all the parts that will fall off are 
discarded. 

8. Loosen the hex nut, at the bottom of the second 
cavity, which secures the coax cable between the 
first and second cavities. Unsolder the center of the 
cable from the input coupling capacitor in the base of 
the second cavity and pull the coax out of the cavity. 

9. Remove the first cavity from the baseplate. 

10. Perform step 7 on the second cavity. 

11. Loosen the hex nut at the input connection of the 
first cavity. Unsolder the wire from the center of the 
input coupling capacitor so that the input connection 
assembly can be removed and discarded. 

12. Remove the hex plug from the base of the first 
cavity and save the plug. 

13. Use a hacksaw to cut off the threaded portion of 
the input connection boss at the bottom of the first 
cavity. Then file down the remaining part of the boss 
so that it is flush with the flange at the base of the 
cavity. 

14. Replace the hex plug that was removed in 
step 12. 

15. Enlarge the input connection hole in the first cavi¬ 
ty by drilling it out with a 3/8-inch (9.5-mm) drill. 
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Then ream or file the hole so that it will accept the 
threaded end of a UG-1094/U BNC connector. Be 
careful not to damage the input coupling capacitor 
inside the base of the cavity! Clean out all filings, 
especially on the faces of the input coupling 
capacitor. 

16. Insert the UG-1094/U connector into the input 
connection hole to determine how much of its center 
contact must be trimmed so that it just touches the 
center contact of the input coupling capacitor. Cut 
and/or file the connector contact accordingly. 
NNOTE: Be sure to use a UG-1094/U, not a UG- 
1094A/U; the latter is too long. 

17. Install the UG-1094/U connector in the input con¬ 
nection hole, and solder its center contact to the 
center of the input coupling capacitor. 

18. On the input sides of the first and second cavities 
only, locate a point directly below hole A which is 
1/2 inch (12.7 mm) below the bottom of the top 
flange, or 7/32 inch (5.6 mm) below the bottom of 
hole A. At each of these points, drill and tap a 10-32 
(M5) hole. 

19. On the first cavity only, locate a point directly 
above the button-type heater feedthrough capacitor 
(not visible in fig. 1), which is 27/32 inch (21.4 mm) 
below the bottom of the top flange. At this point, 
drill and tap another 10-32 (M5) hole. 

20. Use an ohmmeter to determine that there are no 
shorts to ground, a) from the center contacts of the 
input coupling capacitors, b) from the heater feed¬ 
through capacitors, and c) from the plate-voltage 
connectors of all three cavities. 

21. In each of the three tapped holes, insert a 10-32 x 
5/8 inch (M5 x 16 mm) brass screw so that it butts 
against the grid line inside the cavity. The screw 
must seat firmly to ensure a good rf short circuit 
between the grid line and the cavity wall. Be careful 
not to overtighten the screw and strip the threads in 
the thin cavity wall. 

22. Reinstall the first cavity onto the baseplate, then 
resolder the center conductor of the coax to the 
input coupling capacitor in the base of the second 
cavity. Tighten the hex nut. 

23. Fig. 2 is a view looking into the access hole from 
which the cover was removed in step 5. Use a heavy 
soldering iron to tin the tips of the crescent-shaped 
bosses on the grid line inside each cavity and to tin 
the top and bottom horizontal surfaces of the access 
hole flange. Solder a short length of 3/8-inch (1-cm) 
wide copper strap between the crescent tips and the 
flange of the access hole as shown. 



24. Replace the access hole cover plate on each cavity. 

25. If the inter-cavity coax cables are intact on your 
cavity assembly, you have completed the mechanical 
changes and can proceed directly to step 46. How¬ 
ever, if you have to replace one or both of the cables, 
continue with step 26. 

26. If not already done, cut the cable close to the end 
ferrules. 

27. Remove and save the hex nut and washer used at 
the end of each cable. 

28. At the ends of the old cable, unsolder the center 
conductor from the output coupling loop (physically, 
a grounded plate parallel to the cavity wail) and from 
the input coupling capacitor. Remove the remainder 
of the coax. Save the ends of the coax to recover the 
end ferrules. 

29. Clean out the old solder from the holes in the out¬ 
put coupling loop and the center of the input coup¬ 
ling capacitor. 

30. Extract the center conductor from the ferrules on 
the ends of the old coax, and trim off as much of the 
old coax as possible. Then, using a number 17 drill, 
enlarge the hole in each ferrule to 0.173 inch (4.4 
mm). 

31. Clean out the solder holes in the ferrules. Make 
sure that the inside bore of the ferrule is smooth. 

32. Trim a length of RG-142 B/U coaxial cable to 6-1/2 
inches (16.5 cm). (The instructions which follow, 
covering the assembly of the ferrule to the coax, 
apply to one end.) 

33. Strip back the outer jacket 1-1/2 inches (3.8 cm). 
Take care not to nick the braid. 

34. Push the braid back slightly, being careful not to 
unravel the braid. Cut 1/8 inch (3.2 mm) of dielectric 
and center conductor off the end. 
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35. Reform the braid so that it tapers over the cut 
end, which will make it easier to assemble the ferrule 
to the cable. 

36. Slide the modified ferrule over the end of the 
coax so that the corrugated end butts against the 
jacket. 

37. Solder the braid to the ferrule through the solder 
holes in the ferrule. Be sure that the solder is sweated 
around the entire periphery of the cable. 

38. Trim the braid that extends through so that it's 
flush with the end of the ferrule. 

39. Trim the dielectric so that only 1/8-inch (3.2 mm) 
extends beyond the end of the ferrule. Do not cut off 
the center conductor. 

40. Place one washer and hex nut, removed in step 
27, over the end of the coax so that the washer is 
against the ferrule and the threaded end of the hex 
nut is against the washer. 

41. Place a second washer and hex nut onto the 
cable so that they are a mirror image of the set 
already in place. 

42. Repeat steps 33 through 39 for the other end. 

43. Insert one end of the cable into the top of the 
applicable cavity so that the bared center conductor 
passes through the hole in the output coupling loop. 
Determine how much of the center conductor must 
be cut off so that it will extend through the coupling 
loop about 1/32 inch (1 mm). Remove the cable and 
cut off the excess center conductor. 

44. Reinsert the cable center conductor into the hole 
in the plate coupling loop and tighten the hex nut. 


Solder the center conductor to the coupling loop. 

45. Insert the other end of the cable into the bottom 
of the succeeding cavity so that the center conductor 
passes through the hole in the center of the input 
coupling capacitor. Tighten the hex nut, solder the 
center conductor to the capacitor, and trim the 
excess center conductor. 

46. Install a 2C39A tube in each cavity. Replace the 
perforated covers removed in step 3. Do not substi¬ 
tute a 7289 or 3CX100A5 tube for the 2C39A. 
Although they are similar, neither will work properly 
in the modified cavities. 

input matching 

The VSWR at the input of the first cavity will be 
between 40 and 50 (that's right!) after it's been modi¬ 
fied. Therefore, to obtain a reasonable power trans¬ 
fer, especially from a solid-state driver, some form of 
input matching must be provided. A simple matching 
network, which should bring the VSWR down to bet¬ 
ter than 2:1, is shown in fig. 3. The configuration is 
that of a stub matching network in which a discrete 
variable capacitor is used instead of a shunt capaci¬ 
tive stub, thereby permitting the network to be tuned 
to compensate for variations in the input impedance 
of the cavity. 

The matching network should be constructed 
exactly as shown in fig. 3. Use a crimp-type BNC 
connector, similar to a conventional UG-88/U, 
designed for RG-58/U cable; the crimping sleeve is 
not used. Before cutting the semi-rigid coax to 
length, solder the connector pin to one end, trimmed 
as shown. Insert the semi-rigid cable into the con¬ 
nector body to position the pin properly. Solder the 
coax to the connector cap. 

Trim the outer conductor to the 2-3/8-inch (6.0- 
cm) length shown, allowing about 1/2 inch (13 mm) 
of additional bare center conductor for connection to 
the center contact of the UG-290/U receptacle. 
Solder the outer conductor of the coax to the body 
of the receptacle to minimize the length of the un¬ 
shielded center conductor to be soldered to the 
receptacle contact. Trim the excess center conduc¬ 
tor after soldering it to the connector. 

Solder the trimmer capacitor on the UG-290/U as 
shown in fig. 3. The small angle bracket is not re¬ 
quired electrically; it is used only to secure the con¬ 
nector to the chassis or mounting surface upon 
which the cavity assembly will ultimately be 
mounted. 

input VSWR 

The input VSWR can be checked at this point, 
before applying any power to the cavities, if a signal 
generator, slotted line, and SWR indicator are avail- 
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able. Otherwise, an alternative check can be per¬ 
formed under operating conditions. 

Using the slotted-line technique, you should be 
able to reduce the input VSWR to 2:1 or less by 
adjusting the trimmer capacitor on the matching 
stub. If the measured minimum VSWR is greater than 
2:1, add a 5.5-18 pF trimmer across the 2C39A input 
circuit inside the base of the first cavity. One side of 
the trimmer should be soldered to the solder lug in 
the center of the cathode structure (one of the heater 
rf chokes is connected to this lug). Add a solder lug 
and nut to one of the studs that support the ends of 
the cathode structure. Solder the other side of the 
trimmer to this lug. Adjustment of this capacitor, in 
conjunction with the matching-stub trimmer, will 
then result in better than a 2:1 VSWR. 

power supplies 

I'll not attempt to detail the heater and plate power 
supplies, since the choice of plate voltage and bias 
voltage usually depends on what each person has 
available and his preference as to control. Instead, I'll 
present some ideas, along with tube limitations, 
which may be helpful. I assume that all operation will 
be CW or SSB. 

First let's consider the plate-voltage supply, since 
bias and control may depend on this voltage. My 
preference is to use as high a voltage as possible, but 
not over 1000 volts, on the output stage, and to use 
about 350 volts on the first two stages. This provides 
for maximum power output, yet allows the first two 
tubes to operate with zero bias so that only two 
heater supplies are required. (More about this under 
the discussion of heater requirements.) 

If the plate voltage is limited to 350 volts, a 2C39A 
will draw 50 to 60 milliamperes static plate current 
when zero biased. The plate dissipation limits for the 
tube are 12 watts with convection cooling and 100 
watts with forced-air cooling. Therefore, a small 
blower or fan is recommended, especially if 500 volts 
or more are used on the last stage. Placing the blow¬ 
er at the end of the cavity assembly, facing the third 
cavity, will afford maximum cooling for that stage 
while also dissipating heat from the first two cavities. 

Plate voltage is applied to each cavity through the 
MHV connectors shown in fig. 1. The required 
mating MHV connector is an Amphenol 29100 for RG- 
58/U cable, or an Amphenol 28000 for RG-59/U. The 
latter is recommended, since the RG-59/U has a 
higher breakdown voltage rating than RG-58/U. If 
you can't obtain the mating MHV connectors, or if 
the receptacles on the cavities are damaged, the cav¬ 
ity receptacles can be replaced with more conven¬ 
tional UG-290/U BNC connectors. In that case, use 
UG-260/U cable connectors so that RG-59/U can be 
used. 


Biasing. Because the 2C39As are used as grounded- 
grid amplifiers, with the grids at dc ground, a positive 
dc bias must be applied to the common heater-cath¬ 
ode connection when bias is required. This means 
that each tube must have its own heater supply 
unless the tubes are zero biased or operated at suffi¬ 
ciently low plate voltages so that a common bias 
source will keep the plate currents of two or three 
tubes reasonably close to a bogey value. 

As the cavities exist (after the preceding modifica¬ 
tions have been made), the heater-cathode leads of 
the first and second stages are returned to ground 
through rf chokes, while the rf choke in the other 
heater lead in each cavity is brought to a feedthrough 
capacitor in the cavity wall. In the output cavity, both 
heater rf chokes connect to feedthrough capacitors. 

If the plate voltage for the first two stages is limited 
to about 350 volts, the heater and bias circuits shown 
in fig. 4A may be used. The values of R1 and R2 
must be such that the heater voltage, measured at 
the heater ends of the rf chokes, is 5.5 volts. CR^ 
provides cathode bias and is made of several silicon 
rectifiers (1N4001 or similar), so that the quiescent 



fig. 4. Suggested heater and bias circuits for the 
modified cavities. (Refer to text for a discussion of Ct, 
C2, R1, R2, and CR k .) Illustration A shows heater and 
bias circuits for plate voltages Indicated. Heater and 
bias circuits for the same plate voltages In A are shown 
in B, with cutoff bias during standby. 
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plate current of V207 is between 40 and 60 milliam- 
peres; the number of diodes in series will depend on 
the plate voltage and the tube characteristics. With a 
plate supply of 600-700 volts, four diodes should pro¬ 
vide the proper bias. 

If higher plate voltages are used on the first two 
stages, or if either is not to be operated under zero- 
bias conditions, a separate heater transformer will be 
needed for each tube. The tubes may then be individ¬ 
ually biased, in the manner shown for V207. 
Recommended circuit. One of my phobias is to 
have transmitting tubes draw plate current during 
standby. Consequently, I use the biasing circuit 
shown in fig. 4B. Cutoff bias of about +20 volts is 
applied to the cathodes of all three tubes through the 
normally closed contacts of a relay. When the relay is 
energized for transmit, V205 and V206 cathodes and 
the low end of CRf; are grounded, allowing plate cur¬ 
rent to flow. This requires lifting the heater-cathode 
returns of V205 and V206 from ground as follows: 

Cut the ground ends of the rf chokes in the bases 
of the first and second cavities. Remove the button 
plug at the bottom of each cavity (see fig. 1) and 
replace it with a button-type feedthrough capacitor, 
designated Cl and C2 in fig. 4B (similar to those 
used for the ungrounded heater connections). The 
capacitance value isn't critical; anything between 
100 and 1500 pF will do. Connect the ungrounded end 
of the rf choke to the new feedthrough capacitor. 

operation 

After the power supply smoke test has been made 
and the tube plate currents checked, connect the in¬ 
put matching network to the input connector on the 
first cavity, then connect your exciter to the match¬ 
ing network. If the matching network capacitor has 
not previously been adjusted for minimum VSWR, set 
it near minimum capacitance. 

The trimmer capacitors on the cavities (see fig. 1) 
tune the cavities to resonance, the old ganged tuning 
capacitors having been removed. With rf drive 
applied, the cavity trimmers are tuned for maximum 
output, as is the matching network capacitor. If the 
additional trimmer capacitor has been added to the 
input of the first stage to minimize the input VSWR, it 
may also be adjusted for maximum output. Its effect 
will be slight, however, if it has been set for best 
VSWR. 

wrap-up 

That's all there is to getting the modified cavities 
on the air. The output-stage plate current will be 
about 200 milliamperes at full output. However, 
don't allow the tube to draw that much current for 
any extended length of time. Maximum plate current 


for a 2C39A is 125 milliamperes. Plate efficiency will 
be about 30 per cent, which is consistent with the 
tube specifications. 

A drive level of 100 milliwatts should be more than 
enough to obtain full output at any final-stage plate 
voltage up to 1000 volts. 

If you don't have an rf power meter, you can cal¬ 
culate the output power from the dc input power, 
assuming a plate efficiency of 30 per cent. (We can 
ignore the feedthrough power from the second 
stage, since we're assuming the efficiency to arrive 
at only a rough estimate of the output.) 

If you don't obtain output power corresponding to 
about 26 dB of power gain in the cavity assembly, 
one or more of the tubes may be weak. However, if 
the input VSWR hasn't been checked, it's possible 
that the mismatch loss between exciter and first 
stage is the culprit. Add a trimmer capacitor across 
the first-stage input, as described earlier, then adjust 
this capacitor, along with the trimmer on the input 
matching network, for maximum output. This should 
solve the problem. 

postscripts 

At drive levels under 1 milliwatt, the over-all gain 
of the three cavities is 28-34 dB, depending on plate 
voltages. However, at the higher drive levels needed 
to produce power outputs of more than 20 watts, full 
gain can't be realized. It's likely that the over-all gain 
might be increased at these higher outputs, thereby 
reducing the drive levels required, by replacing the 
interstage connecting cables with matching net¬ 
works. 

Although I've not tried this, preferring to stay with 
the simpler brute-force approach, my rationale is 
based on the VSWR that the first stage presents after 
modification. There's no reason not to believe that 
severe mismatches may occur between first and sec¬ 
ond and second and third stages. 

It's interesting to conjecture on the results that 
might be obtained by matching. If we assume a gain 
of 11 dB per stage and an output of 40 watts, only 20 
milliwatts of drive should be required. 

It should also be apparent that one, two, or three 
cavities can be used, depending on available drive 
power. I've run tests using only two cavities and 
obtained approximately 16 watts output with a drive 
level of 100 milliwatts — a power gain of 22 dB — 
indicating that the limiting occurs in the final stage 
when three cavities are used. 

I'd be interested in hearing from anyone who 
attempts to improve the interstage matching. I'll also 
answer all inquiries accompanied by a self-addressed, 
stamped envelope. 

ham radio 
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Author Locher was a popular contributor to Ham 
Radio Horizons. Because many Horizons readers 
are now receiving ham radio, we are presenting 
this episode of W9KNI's ongoing battle of the 
big guns in the DX world. Want to see more arti¬ 
cles by W9KNI? Let us know how you like it. 


It's Saturday at 1300Z; 7 AM in 
Chicago, a late winter's morning. 
Considering the hour, I feel pretty 
good. An early retirement last night 
and a good sleep, and now I'm ready 
for DX. 

The warm glow of the dial lamps, 
the smell of the fresh coffee, the 
warmth of my heavy bathrobe pulled 
tightly around me, the headphones 
nestled over my ears — I'm at peace 
with the world and ready to go. 

There are a couple of stations I'd 
like to tie into this morning. That 
A51RT is high on my list; three times 
now I've heard him, with nothing to 
show for it. Not that he's being pur¬ 
sued all that widely; he's been listed 
in the DX bulletins only once, and 
that was for an evening path. Every 
time I've heard him was on a morn¬ 
ing path. Of course, as soon as I 
QSO him, I'll report it to the DX bul¬ 
letins, but with the luck I've been 
having with that one, the last thing I 
need is more competition. 

But the A51 isn't the only DX sta¬ 
tion I'm after. The bands were full of 


By Bob Locher, W9KNI 


talk and reports last night that ace 
DXpeditioneer KP2A had managed 
to pull off both a ticket and a pass for 
Cocos-Keeling, VK9Y, and would be 
operational any moment now. 

Cocos-Keeling has always been a 
tough one; not an easy shot for 
propagation to start with, and a loca¬ 
tion remote from anywhere. Add to 
that Australia's military making it a 
high-security area a couple of years 
ago, and you have the makings of a 
rare country, a very rare country. 

Every one knows the difference 
between a rare country and a very 
rare country: A rare country is one 
that you have and your buddy 
doesn't. A very rare country is one 
that your buddy has and you don't. I 
don't have Cocos Keeling. 

Let's see how the band sounds. 
Hmmm. A number of signals; that's 
certainly a good sign. Let's see 
where they are from. Haul the anten¬ 
na around — let's start straight west. 
Watching for both the A51 and the 
Cocos-Keeling station poses certain 
difficulties — beam headings. The 


A51 has been coming through on 
long path, almost dead south, over 
the Antarctic. The Cocos-Keeling 
bearing, on the other hand, is more 
northwest, over Japan. The signal 
from the A51 is weak enough that I 
can copy it only when the antenna's 
on him; no way can I copy him on 
the side or back of my antenna. 
Perhaps I should leave my antenna 
on the long path for the A51? 

On the other hand, I can develop a 
very good case for leaving the anten¬ 
na on that VK9Y bearing. With any 
DXpedition, or for that matter, any 
new country, it is always desirable 
and advantageous to grab a QSO 
ASAP — As Soon As Possible! 

I'll never forget my lesson of 
Serrana Bank some years ago. A 
DXpedition came on one evening 
from there, and seemingly half the 
world was in one pileup. I decided to 
wait a day, so that getting a QSO 
would be easier. Guess what? An 
approaching hurricane forced them 
off the island at dawn, and they 
never went back. I had to wait years 
for a Serrana Bank QSO from 
another DXpedition. 

On top of that lesson, the path to 
Cocos-Keeling is a long one, and this 
time of year propagation can be a bit 
tenuous. We certainly will get open¬ 
ings, but the peak part of any open¬ 
ing won't be over half an hour, and 
perhaps less. Catching the peak is 
vital on a DXpedition like Cocos- 
Keeling; the competition can be so 
fierce from all over the world that in a 
really huge pileup you need all the 
help you can get from propagation. 

Even so, the easiest way is to 
catch him calling CQ, and nail him 
before the ravening hordes get onto 
him. 

KP2A is fairly predictable. He's a 
superb operator, cool under fire, 
which, God knows, he's going to 
need to be, and he controls pileups 
very well from DXpedition QTHs. 
From past observation, I know that 
he likes to work 5 to 10 kHz up from 
his own frequency. Also, he has a 
knack of getting a good signal out; 
he seems to know how to set up 
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decent temporary antennas, I guess. 

Okay, enough wool gathering. 
Let's see here, it's 1314Z. Okay, I 
haven't yet heard the A51 before 
1340Z, so I could start watching for 
him at 1330Z. That would give me 
fifteen more minutes to hunt for the 
VK9Y. Then, I think, if there's no 
action, I'll swing the antenna every 
five minutes to watch for both the 
A51 and the VK9Y. If I come across 
either of them. I'll devote all my 
attention to that one. So, let's gol I 
move the antenna into the northwest, 
the path for Cocos-Keeling, and start 
hunting. 

KP2A seems to like to transmit 
around 020. I'll center my tuning 
around there. Let's see what we 
have here. Lots of W signals, some 
pretty loud. Phooey. Guess the skip 
is a bit short today. It figures. If that 
VK9 shows, sure do hope that the 
traffic cops don't show up. There's a 
VK4. 

Yes, VK4RF. Good signals. That's 
not the exact path for Cocos-Keeling, 
but there's hope. 

There go four or five fellows chas¬ 
ing someone. Maybe it's my boy? No 

— there — one of the Ws gives the 
call of the fellow he's calling. It's 
P29ET; Papua/New Guinea. That's 
a nice catch, but I don't need it. But 
let's wait a bit and see what kind of 
signal the P29 has. There he is. Fine, 
a good S-7 and no flutter. Ohhkayy 

— if Cocos is going to show up 
soon, I should be in tall clover, prop¬ 
agation-wise. That P29 isn't as far 
down the path as the VK9Y is, but 
it's pretty much the same path, and 
that's the tougher part of it. It's a 
pretty safe bet that we'll have at least 
adequate propagation to Cocos- 
Keeling. 

Let's flip on 2 meters to see if any¬ 
one has any late information or hot 
tips. 

"Hellooooo out there. W9KNI 
here. Any late information on the 
VK9Y?" 

"Yeah. W9KNI from K9QVB. 
Hello, Bob. I was just going to call 
you. He showed up a few minutes 
ago on 20 sideband. He's on four¬ 


teen-one-nine-two, listening up. 
Said he's going to CW on oh-twenty 
at fourteen hundred zulu. He's not 
real strong. Over." 

"Okay, great, John, and thanks 
for the hot stuff. Who's he 
working?" 

"He's mostly on W4s. He's getting 
a few threes, and W9ZRX with that 
super stacked system got him too, 
But I think the W4s have a long-path 
opening to him, and they're working 
it to death. The guy's a pretty good 
op, for sure." 

"Roger, he's that. What path are 
you copying him on?" 

"Definitely short path. I can't hear 
a whisper on long path. But he's 
pretty weak. I think he's starting to 
get stronger, though." 

"Okay, fine, John. Appreciate the 
info. You need him too, I think?" 


"Yeah, sure do. Bob. I thought I 
worked that VK9YK a couple of 
years ago, but I got my card back 
with a 'Not In Log,' so I guess I 
didn't make it. Yeah, I need this one. 
But I'm not even calling him right 
now; he's four and four here, and 
the W4s are all giving him five-eights 
and five-nines. Hope we get a better 
shot on CW." 

"Okay, I'm going to run and get a 
cup of coffee, John. I'll be back in 
five minutes or less. Good hunting. 
K9QVB from W9KNI." 

''Okay, Bob. I'll squawk if 
anything changes. W9KNI from 
K9QVB." 

I run up the stairs and turn on the 
water for my coffee. The juices are 


starting to flow — a shot at a new 
one — with a good operator, too. 
And, on a Saturday. Incredible! It's 
been a bit dry of late for new ones in 
the log. Oh, I heard a few — the 
A6X, the A51, the VK9 on Norfolk. 
But I'm not chasing SWL awards; I'm 
looking for QSLs that say, "RST 
599" on them, or whatever report. 
And lately, I'm not getting any of 
them into the log book. Maybe 
today's my day. 

In minutes I'm back at the rig. 
Let's see here... I adjust the headset 
a bit to seat it comfortably, and 
move the gleaming Bencher paddle 
to where it is most comfortably 
placed. KP2A is a pretty sharp 
operator — I ease the keyer speed up 
a bit, and dry fire a few letters to get 
my timing down. My fingers respond 
almost instantly to the higher speed 


— I feel like a sports car driver just 
before the start of the race: head¬ 
phones are my driving helmet, my 
paddle the gear shift, the receiver 
dial my steering wheel. I fire up the 
linear, get it all tuned on an empty 
frequency just above 14030, and I'm 
set. 

"W9KNI from K9QVB. Okay, Bob, 
he just said that he's going to take a 
two-minute break, and then be on 
fourteen-oh-twenty. You ready?" 

"Yeah. K9QVB from W9KNI. 
Great, John, thanks. Yeah, I'm as 
ready as I'll ever be. Hope we get 
him." 

I reach for my cup of coffee — and 
leave it — I've got butterflies 
enough. 
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I am the knight in armor at the end 
of the lists, awaiting the trumpet call. 
I am the Spitfire pilot revving up the 
engine at the end of the runway, just 
before takeoff to certain battle. I 
listen to all the carriers tuning up as I 
set my receiver on 14,025 — they are 
all out there, waiting. It's me against 
the wolfpack. 

"Hey Bob?" 

"Yeah, John, go ahead." 

"Hey, don't forget, it's only a 
hobby." 

..That breaks the tension, and my 
wild flights of fancy. I laugh. 

"Naw, you got it all wrong, John. 
It's not a matter of life and death. It's 
more important than that." 

"Haw, Haw. Okay, he should be 
on any second now. W9KNI from 
K9QVB." 

"Roger, K9QVB from W9KNI. Hey 
John, what call is he signing?" 

"Oh. Yeah, he's VK9YR - 
Yankee Radio." 

"Thanks." 

Ohhkayy! Let's go. Lemme see 
here. KP2A likes to set up a little 
lower than the usual 025; he'll prob¬ 
ably transmit on 14,021 or 022, and 
listen up around 030. 

Huh, what's that? There, on 020, 
maybe 559, 569, "5NN W4QM, K." 

4QM — yeah, he's one of the 
South Florida aces. I give the 
receiver a quick turn up a few kHz. 
"5NN TU VK9YR DE W4QM E E." 
Yup, there he is, as I pick up the VK9 
again. 

"R 73 QRZ NA NA UP5 DE VK9YR 

K." 

I blindly set my VFO on 025, and 
stroke the paddle. 

"DE W9KNI K." 

"4QQN 5NN K." Hmm. Another 
four. I check my transmit frequency. 
There's QQN. Okay, I'm half a kHz 
low. Move it up. There, a hair above 
QQN. The VK9 clears. Call. Keep it 
short, this fellow's good. Okay, 
N40W got him. He's in Florida too. 
He clears. Call now. Huh? He's back 
to N4WW this time. Florida again. 
There's K9QVB calling too. Okay, I 
don't need to alert him on 2. The 


VK9 clears; call nowl There. He's 
back to W4FLA — and Florida again. 
Let's cool it for a moment and con¬ 
sider all this. 

I've been calling at about the right 
frequency every time, almost, but it 
sure looks like the W4s are milking 
the long path for all it's worth. But 
it's getting later in the morning, and 
that path can't hold up very much 
longer. Also, our peak time should 
be coming fairly soon; with any luck 
we Midwesterners should get a good 
shot within the next half hour. The 
fellows that are going to get stung 
are the boys on the upper East 
Coast. Their short path peak is being 
overridden by the Florida long path 
shot, and by the time that path is 
gone, so will the East Coast short 
path. Oh well, they leave us for dead 
on the short path into the "middle 
east," so I guess it will all come out 
in the wash. 

But, while the fours still have it in 
such convincing fashion, I'd be smart 
to quit transmitting and study his 
techniques. That way, when he does 
start working W9s, I'll be ready for 
him. Okay, he's back to W4MLP. 
Find MLP. There he is; note the fre¬ 
quency — yes, 026.3, plus or minus. 


He clears. Now - KB4CH has him. 
Okay, 026.6. He clears. Listen to that 
pileupl Back to the VK9. Yes, he's 
got KT4X. There's the KT4, 026.9. 
All right! The VK9 is working up 
through the pile. Fast, too. One call 
seems to get him. None of your 1X3s 
for this boy. Great! 

4BW - 027.1. W9QN - huh? No, 
he's in Florida too, 027.3. Thought 
for a moment we nines had broken 
the stranglehold. Oh well, our turn 
will come. 

Hey, this boy IS good. I notice 
with admiration how he's picking up 
only the stations that give him an XI 
call — in other words only sign their 
own call, and only once. That's the 
mark of a very good DXpedition 
operator. There are two ways to do 
that, and both are tough. One is 
copy several signals simultaneously 
and choose the one that meets the 
XI rule. The other is to copy the call 
a QSO ahead and pick it up one QSO 
later. But either is tough to do. How¬ 
ever, a skilled operator can get a 
QSO rate that is 50 per cent higher 
than he can without that selection. 
And at the rate the VK9's going he 
might be good for a 150-QSO-per- 
hour rate. That's really great for us: it 
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means our chance of a QSO in a brief 
opening is greatly enhanced. 

Okay, KG4TH — where's he? Oh, 
yes, 027.6. Now it's N4BKU; yup, 
028.0. KB4AJ 028.3. Okay, he's 
moving up 300 to 350 hertz every 
QSO, apparently always moving 
after each. Now, is he going to keep 
moving up, or will he stop and start 
tuning down, or will he suddenly 
move down and start tuning up? 

W4TO — where's he? He ought to 
be about 028.6. But no. Back to the 
VK9's frequency. He dears. Maybe 
he's moved. There, he's got N4AR. 
Wait a minute! That isn't Florida, 
that's Bill in Kentucky. Maybe the 
path has shifted. Quick, go ahead 
and look for him. He's probably a 
back-scatter signal. 

Yesl There he is, 024.2. All rightl 


paddle dances under my fingers, 
"DEW9KNI." 

"WB8EUN 5NN K." Darn! Okay, 
there's EUN, right on the same fre¬ 
quency I was. He clears. "DE W9KNI 
K." 

"W9BW DE VK9YR 5NN K.” 
Where's BW? There, above me 
about 200 hertz. Up 300 for me 
above BW. 

"DEW9KNI K." 

"K9QVB 5NN K." Good for QVB. 
There he is, just about zero with me. 
Okay, up 200 again. 

"DEW9KNIK." 

"W0SR 5NN K." Yup. the fours 
have lost the path. Hope I get one. 
There's 0SR on backscatter. He's 
about 200 above me. Okay, my steps 
up seem to be a little too small now; 
he seems to be jumping about 400 at 
a time. Move the VFO. 


"DEW9KNIK." 

"K9RF 5NN DE VK9YR K." Well, 
the nines seem to have a lock on 
him. It would be nice if I could be 
one of them. Up another 400 hertz. 

"DEW9KNIK." 

"K9DX 5NN K." Where's DX? 
He's nowhere near my frequency. 
Quick, look down. Yes! 023 and a 
hair. The VK9 shifted back down. 
Quick, about 300 above DX. Call! 

"DEW9KNIK." 

"W9KNI5NN DEVK9YR." 

"VK9YR 5NN TNX DE W9KNI." 

"RTU EE." 

Wowl Just like that. The actual 
QSO took under ten seconds. But 
he's all mine. I'm in the log. I notice 
that I'm breathing fast. Ah, it feels 
good to inscribe the rest of the 
details into the log. 

I turn 2 meters back up; I must 
have turned it down earlier in the 
fray, but I don't remember. 

"Twenty-eight. Twenty-eight." 

"DWQ's got him. Way to go Ed!" 

"Twenty-eight point five, eight 
point five.” I recognize K9DX's 
voice. 

"It's W0VX." There's K9RF giving 
the call signs. 

"Twenty nine oh. Watch it, he's 
going to move back down." 

"K5LM." 

"He moved. Oh twenty three two. 
Call up a little." 

"K9AJ, good work, Mike." 

"Twenty three five." 

Ah, the 2-meter net is having one 
of its finest hours spotting frequen¬ 
cies for the rest of the club. It was a 
free-for-all at first, but as soon as a 
few members made it through, they 
started coaching the rest. But I'm 
glad I figured it by myself. Not that 
I'm against help, but it is nice the 
other way. 

"W90A — way to go, George." 

The basement lights blink; my sig¬ 
nal to lift up my headset a moment. 

"Bob, breakfast's ready." A wave 
of sausage aroma follows my wife's 
voice. They don't need me here on 2 
meters — and I'm hungry! 

ham radio 
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Let's try 024.5. Call; just one. The 






Collins Owners’ Reports: 


KWM-2 

KWM-2A 

A survey of owners’ 
opinions on these two 
popular transceivers 

The April, 1980, issues of ham radio and Ham Radio 
Horizons carried questionnaires directed at the 
owners of Collins equipment: 32S-line transmitters, 
75S-line receivers, and the KWM-2 and KWM-2A 
transceiver. In this issue, we will present our readers' 
opinions on the KWM-2/2A transceiver. Next 
month, we'll give you a rundown on what our 
readers had to say about their S-line gear. 

the good features 

By far and away the single most commonly men¬ 
tioned feature of the Collins KWM-2/2A transceiver 
is its great reliability. More than any other character¬ 


istic, reliability seems to be the hallmark of these 
radios. In a way, that's not too surprising: many of 
these rigs (27,000 have been built since 1958) have 
seen continual use for more than 20 years. Virtually 
every owner of a KWM-2 or KWM-2A included 
praise for its reliability among his comments. 

Running just behind reliability on the list of best 
features were stability and audio quality. Take a look 
at the table of Best Features and you'll get a feel for 
just how many owners of these Collins radios were 
happy about the superior stability and audio of their 
transceivers. Also well represented among the Best 
Features were wide frequency coverage (making it 
possible to operate the new frequencies opened to 
Amateurs as a result of the 1979 WARC), ease of 
operation, solid construction, and dial accuracy. 
Below are some representative comments by our 
respondents to the question. What is the rig’s best 
feature? 

"The KWM-2A has excellent stability, accurate 
readout, and good audio quality both transmit and 
receive. It has large knobs that are easy to use, and 

By Martin Hanft, WB1CHQ, Production 
Editor, ham radio magazine 
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it's built like a battleship. Long life expectancy and 
very neat looking design of front panel." — W0RJ 
"Wide frequency coverage, good reliability, easy 
to operate, good human engineering, good frequen¬ 
cy readout and stability, no TVI problems." — W3PE 



"The VFO. It is low-drift and calibrated accurately 
enough to be precisely resettable." — KHGS 

"Absolutely superb audio quality. Addition of a 
speech processor increases average audio, but 
disturbs pureness of the audio signal as originally 
designed by Collins. Collins Field Service Engineering 
department very helpful, considerate, and prompt." 

- WD4CWF 

"Dial accuracy and dependability. Stability. Every 
bit as accurate as the digital (readout), and certainly 
the dial is easier to turn with the thumb hole." — 
WA6UZL 

"Reliability, ease of operation, and solid construc¬ 
tion." - VE3RO 

"High resale value. The radio has good audio and 
is easy to maintain. There's a very good instruction 
and service book that comes with the equipment." 

- K5NG 

"The design of the receiver circuits. The permea¬ 
bility tuned rf circuits plus the careful design of the 
whole receive chain are, to me, the hallmarks of this 
rig. There is a combination of sensitivity and rejection 
of unwanted signals that is as good as anything man¬ 
ufactured today. There is still nothing that will out¬ 
perform this KWM-2," - K5RSG 

"Superb audio quality combined with sharp selec- 
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tivity inherent in the mechanical filter. Truly accurate 
frequency readout without having to resort to digital 
displays. Beautiful appearance." 

"It's a well-engineered tube-type rig, which leads 
to unusually good frequency stability, matchless 
audio, tolerance for SWR, and relatively easy owner 
servicing." — W0RHW 

"Faults with the Collins are few and far between." 

- WA0PSG 

"Dependability," — K9LKA 
"Durability: This rig is over 20 years old and has 
needed only minor servicing." — WD5CKA 
"This rig with its external VFO, crystal pack, and 
speech processor is exactly what I need for Navy 
MARS activities. It will hit all the oddball frequencies 
and give me all of the output I need without a linear." 

- W9NZF 

"I like the 1-kHz readout on the dial. It has the best 
sounding audio of any rig I have used, and it is super 
reliable. A real easy rig to operate." — K9BQL 
"Selectivity, sensitivity, and calibration. I would 
buy another, if I could convince my XYL!" — 
WB2VXY 

"Frequency coverage. Plug in a crystal and oper¬ 
ate anywhere." — WA1 PEL 
"Reliability. I inadvertently left it on FULL TUNE 
(key down) position for almost two hours with no 
bad effects. In fact, I am still using the same finals." 

- WB4KC0 

"Easy to tune and operate. It will cover any 200- 
kHz band between 3 and 30 MHz. Very good receiver 
front end. Excellent frequency stability, and rear skirt 
allows easy interface to other station equipment, 
such as RTTY." - WA9VYB 
"I can always count on this rig to do what it is 
capable of without fail, without eccentricity or devia¬ 
tion — and do it rather well." — K50CS 

"Excellent engineering, very stable, good filter, 
and repairable. All parts can be worked on and 
replaced easily. It is only unfortunate that tube tech¬ 
nology is phasing out so fast." — VE7AFJ 
"Ability to withstand abuse. I have driven all over 
the U.S.A., including the desert Southwest, gotten 
dust and sand in it mobiling, accidentally overloaded 
it, mistreated it in almost any way you can think of 
short of dropping it out the window. It never has 
failed to operate." — W0RKU 

"Solid investment — especially with today's stock 
market." — KA6ACD 

"Longevity! This rig (serial #42) was purchased by 
my dad in 1959. It gave him 20 years' service until his 
becoming a silent key last year. The KWM-2, now in 
my possession, has since motivated me into earning 
my Novice ticket and I'm now struggling toward my 
General. I plan another 20 years' service from the 
rig." - KA6IYH 


"The use of good components makes this the best 
unit I have ever owned since my first license in 1937. 
I'd say it's the best rig ever made for Amateur use." 
- K4FXP 

"Maintaining this rig myself sure beats waiting for 
new solid state modules to arrive — or for factory 
servicing." — KH6BZF 

the other side of the coin 

Some of the very qualities that make the Collins 
KWM-2/2A so attractive to so many Amateurs are 
cited by other Amateurs as the radios' faults. The 
fact that the KWM-2/2A is solid and dependable also 
means that it's big and heavy in comparison with 
more modern, solid-state rigs. The fact that it uses 
tube circuits, which the Amateur can service himself, 
often without the help of professional service techni¬ 
cians, also means that those tubes will have to be 
replaced and the radio may put out a lot of heat. 
Because the radio was designed over 20 years ago, 
primarily for SSB use, it is less than ideal for CW: 
there is no CW filter position, and there is no R.l.T. 
And, hand in hand with its good resale value and the 
fact that the Collins name is widely respected, this 
transceiver is not inexpensive. 

The worst feature most commonly cited in the 
KWM-2/2A was the relays. In earlier models, these 
relays were open (unsealed) and not of the plug-in 
variety. Dirty contacts were referred to by many of 
the respondents to this questionnaire. Several of the 
owners of the KWM-2/2A who wrote to us had 
replaced the original relays with plug-ins; in later 
models, Collins began using sealed relays, which 
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considerably cut down on the number of these prob¬ 
lems. In most instances, a simple cleaning of the 
relay contacts and regular use are all that's necessary 
to get the rig working properly again. Another com¬ 
mon complaint was that the KWM-2/2A is not a 
good radio for working CW, because of the frequen¬ 
cy offset. 

See table 2 for the percentages. Below are some 
sample replies to the question, What is the rig’s 
worst feature? 

"Does not have a noise blanker built in. It should 
have a cooling fan for the 6146s (I added one on 
mine). Transceiver is a bit slow on recovery from 
transmit to receive. Also, the transceiver has no 
R.l.T." - W0RJ 

"No supplied noise blanker. No CW filter posi¬ 
tion." - W3PE 

"Only 200 kHz tuning capability per switch posi¬ 
tion (crystal)." — W4FDJ 

"No good on CW because of 1.5 kHz shift in trans¬ 
mitted signal." — W3US 

"The bandpass. There are no selectable options 
for the bandpass besides the 2.1-kHz installed. This 
situation becomes a problem when it is desired to 
copy 850-Hz shift RTTY signals. The high tone is then 
eliminated. Other than this, the narrow and steep sided 
bandpass characteristics are superb." — KH6S 
"Requirement for external power supply and very 
long production lead time for parts." — WD4CWF 
"Band switch was corroded and had to be cleaned. 
Even when it came back from Rockwell-Collins, the 
switch was corroded and had to be cleaned. Not 
easy if you have it on a rack." — WA6UZL 

"It's no good on CW, and it needs a noise blanker. 
Only 200 kHz per segment, and it's hardly portable." 
- K6RK 

"Initial high cost and factory cost for repairs." — 
K5NG 

"I don't like being able to tune only 200 kHz at a 
time. And they use a phono plug connector for the 
antenna." — WA7ZPQ 

"Not solid state. I hope the tubes for this rig do not 
become obsolete. The open relays in the VOX circuit 
collect dust. No notch filter or noise eliminator." — 
W5TTF 

"The worst feature is the heat given off by the 
tubes — and the tubes' having to be replaced." — 
WB4PVT 

"Difficult to troubleshoot and repair, and factory 
work is very expensive." — WB6ZYE 
"There is no designed-in way to get narrower 
selectivity for CW reception, although Collins did 
point out that the transceiver was intended only for 
occasional, not serious, CW." — W0RHW 
"Noisy VOX relays." - WB1FYV 
"Band switch problems." — WB4NTM 


"Weight and size. In the summer, it requires a 
small fan for cooling during extended periods of use: 
that is, over 30 minutes." — W2HBC 

"RCA phono plug for antenna connection (should 
be BNC-type)." - K2QDE 

"The fact that in this period the relays were not 
plug-in." 

"Power consumption on battery source and lack 
of CW filter." - N7AA 

"Poor CW break-in capability. Not too fast on 
recovery." — WB2VXY 

"Not easily adaptable for mobile use." — WA1PEL 

"If judged during its heyday, I can think of none. 
Now, of course, it lacks some of the little conven¬ 
iences of the newer rigs: R.l.T., digital readout, 
power requirements, etc." — K50CS 

"VOX controls mounted inside chassis. Key jack is 
behind the rig and also covered by the power supply. 
And this radio is very expensive, even used." — 
KA6ACD 

problems 

The most common problem encountered with this 
rig was having to replace tubes. Take a look at table 
3 and you'll see that tube failures were by far and 
away the biggest problem. Several owners reported 
problems with shorted capacitors; and once more, 
relay problems show up as a main source of trouble 
for KWM-2/2A owners. 

Nevertheless, the fact remains that most of the 
KWM-2/2A owners who responded to this survey 
were happy with their rigs and considered the prob¬ 
lems to be minor. Many reported no problems. Here 
are some of their replies to the question, Have you 
had any problems? 

"PTT relay contacts dirty." — WB6AWU 

"Changed telephone-type relays to plug-in type." 
- K7GEX 

"C187 shorted and the unit blew fuses. It required 
removing the band switch housing and band switch 
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shaft to replace. I occasionally have to replace 
tubes." - AH6U 
"Just worn tubes." — HI3HEG 
"I have a KWM-2 which has been almost fully 
modified to the "A" version. Occasionally (about 
once a year) the old wired-in relays give me trouble. I 
remove the M2 from its case, clean the relays, and 
it's good for another year. I do have the plug-in relay 
kit and plan to install it the next time the old relays 
give me trouble." — W3US 
"Tubes and alignment." - WA6UZL 
"VOX circuit erratic — had to change many com¬ 
ponents." — K6RK 

"In over 20 years of use, I've replaced a few weak 
and shorted tubes. Original 6146s lasted nine years. 
Haven't had to change them since. Replaced one 
capacitor and one resistor!" — K5NC 
"Tubes and heat." - K20B 
"Minor problems easily corrected by replacing a 
soft tube or tightening a loose screw. The equipment 
is so well made and logically constructed that it 
almost repairs itself." — KB9IY 

"Mica capacitor in the i-f failed. Loose screw in the 
power supply shorted B + ." 

"The usual tube replacements." — K9LKA 
"An intermittent receiver problem that has been 
hard to locate." — W05CKA 
"Had to replace the power transformer after ten 
years." 

"Severe audio feedback when mic button released; 
corrected by cleaning all relay contacts with emery 
cloth — a very difficult job because my rig does not 
have plug-in relays." — WA1PEL 
"VFO dial slippage." — WA2CBA 

accessories 

Table 4 shows the accessories purchased for the 
KWM-2/2A. A noise blanker was the most frequent¬ 



ly mentioned item, followed by speech processors 
and amplifiers. It certainly does seem as though find¬ 
ing the wanted accessories is not much of a problem: 
98.7 percent of the respondents who had purchased 
accessories had been able to find all the accessories 
they'd wanted. And 97.8 percent were satisfied with 
the accessories they purchased. 

related findings 

The beam antenna is by far the most popular 
antenna with KWM-2/2A owners, accounting for 55 
percent of the tally. Next came wire antennas, with 
34 percent, followed by all others, 11 percent. As for 
license class, there were a large percentage of 
Advanced-class hams represented, 57 percent, 
followed by 39 percent for Extras. Technicians, 
Generals, and Novices made up the remaining 4 per¬ 
cent. More than half of the hams who responded did 
their own servicing, and the majority of those who 
shipped the rig out for factory service were satisfied 
with the service they received. A few complained 
about a minimum parts order of $50 and delays in 
service or delivery. 

The following twelve categories were scored from 
1 to 10 (with 1 being poorest, 4 to 6 average, and 10 
perfect): Ease of Operation, Reliability, Durability, 
Instruction Book, Factory/Dealer Service, Quality of 
Workmanship, Performance, Maintenance, Parts 
Availability, Accessories (ease of connection). Price, 
and Flexibility. The scores are reported in fig. 1. 

would you buy one again? 

This is the big question, and for the KWM-2 and 
KWM-2A the answer was that 73 percent said yes 
versus 27 percent who said no. That's a very good 
showing for a radio that was designed and built 
before the days of integrated circuits and modern 
"conveniences." Yet the KWM-2/2A continues to 
hold its own — and remains very popular. Of those 
who answered that they would not buy this rig again, 
the most common reason was the price, followed by 
the lack of modern, solid-state construction or 
"extras" found only on newer rigs. Not a single 
respondent faulted the Collins KWM-2/2A for lack of 
quality or workmanship. These transceivers were 
built to be solid and dependable — and they still are 
today. 

Next month, ham radio will present the results of 
its survey of owners of the 32S-line transmitter and 
75S-line receiver. Watch for it. And don't forget to 
return the questionnaire on the ICOM 701, Drake 
TR7, and Kenwood 520 series that appeared on page 
22 of the February issue. If you own, or have owned, 
one of these rigs, now is your chance to tell the world 
what you think of it. 

ham radio 
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digital frequency display 


for single-conversion 
transceivers 


Update your rig 
for numerical 
frequency readout 

Digital frequency displays are becoming common¬ 
place in new transceiver designs. Older but still use¬ 
ful rigs lack this refinement. A digital display may be 
added easily to single-conversion transceivers such 
as those made by Swan and Atlas. The display des¬ 
cribed here will enhance operation of these rigs. 

Frequency counters are in wide use, and it is quite 
easy to measure a CW transmitter's frequency. Sin¬ 
gle sideband is difficult, since a steady tone is re¬ 
quired and you must find the carrier by adding or 
subtracting the tone frequency. Received-signal fre¬ 
quency measurement requires connection to the 
local oscillator plus mathematical operation on add¬ 
ing or subtracting the intermediate frequency. 

common display methods 

Nearly all transceivers use a single master oscillator 
or VFO for tuning both receive and transmit frequen¬ 
cies. A display can use this variable oscillator output, 
compensating for the i-f and any other fixed 
oscillators. 


Digital display compensation can be made by 
heterodyning the VFO pickoff before counting, multi¬ 
ple gating and counting the VFO and fixed trans¬ 
ceiver oscillator outputs, or presetting the display 
counter before a count. The last is the easiest to im¬ 
plement and is easily accomplished with single-con- 
version transceivers such as the Swan 350, 500C or 
the Atlas 180,210, or215X. 

Any of the three methods require some form of 
bandswitching. Both the Atlas and Swan units add 
the i-f and VFO on 10, 15, and 20 meters and subtract 
the i-f and VFO on lower bands. The preset-counter 
method takes a bit of study. 

preset and complement 

Counter ICs such as the 74176 and 74196 can load 
a specific number into the counter before counting is 
done. This is presetting a state and is the same as ad¬ 
dition: final count is the sum of the preset value and 
number of regular count pulses. An equivalent sub¬ 
traction is possible by borrowing a computer tech¬ 
nique called complementing. 

When added to a number, a complement will yield 
a sum value equal to a difference. The highest carry 
is ignored. Since a count is desired in decimal, sub¬ 
traction requires the tens complement. The minuend 
value remains the same; the subtrahend value is re¬ 
placed by its complement, addition is done, and the 
resultant value (ignoring the last carry) is the same as 
the difference. 

If you're confused, assume a subtraction that re- 


By Everett L. Beall, K6YHK, 715 East Cook 
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suits in zero. The subtrahend will be the tens comple¬ 
ment of the minuend. For example, the complement 
of 35 is 65, since 35 + 65=100 (ignore the highest 
carry). The complement of 850 is 150 since 
850+150= 1000 (again, ignore the highest carry). 

Ignoring the highest carry is easy to implement. It 
is either unconnected, or the most-significant digit 
(MSD) of the display is blanked. 

some examples 

Setting up a Swan transceiver display counter on 
20 meters requires addition. The preset, or load, will 
be 5500 kHz. For a six-digit display, the counter will 
accomplish: 

load i-f 05500.0 

add VFO 8502.2 

display sum 14002.2 

A 40-meter display requires subtraction of the i-f 
from the VFO. Conventional subtraction would be: 

input VFO 12505.3 

subtract i-f 5500.0 

difference 7005.3 


A preset counter can't subtract, so the complement 
of the i-f, 4500.0, is loaded first: 

load i-f complement 4500.0 
add VFO 12505.3 

display sum 7005.3* 

The asterisk indicates a blanked display digit. The 
actual sum is 17005.3 with a preset of 04500.0. The 
preset value could have any MSD value, since the dis¬ 
play MSD is blanked (the counter's most-significant 
digit operation is ignored on low bands). 

Atlas transceivers have i-f of 5520 kHz, so the low- 
band complement is 4480 1 5520 + 4480 = 0000)*. Ad¬ 
dition and subtraction by complements is the same 
as in the Swan example. 

digital dial and display 
for the Atlas transceiver 

Fig. 1 is the schematic. U5 through U9 provide the 
counter time base. Count gating and display control 
are generated by U1-U4. The counter chain uses 
74176 TTL presettable BCD counters. The 74196 and 
74LS196 are pin-for-pin compatible and may be sub¬ 
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stituted. The 74176 consumes less current, and the 
35 MHz maximum count frequency is well above any 
expected frequency. 

Counter preset data pin connections are: 

decimal preset pin levels 

preset 11 3 10 4 

9 ? 0 0 1 

8 10 0 0 
7 0 111 

6 0 110 

5 0 10 1 

4 0 10 0 

3 0 0 1 1 

2 0 0 1 0 

1 0 0 0 1 

0 0 0 0 0 

A 0 indicates ground, or less than 0.4 volt. A 1 indi¬ 
cates any voltage between 2.4 volts and the 5-volt 
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supply. The high, or 1, state may be obtained by 
leaving the pin unconnected.* 

The 7475 quad latches hold the counter state for 
display. Conversion to seven-segment LED display is 
through the 7447s. Grounding pin 1 of any 7447 will 
blank that digit display. 

Monsanto MAN 64A common-anode, seven-seg¬ 
ment LED displays were used, since they were in the 
junk box. Any common-anode LED with decimal 
point will work as well. The 150-ohm series resistors 
may have to be changed for different displays. Check 
manufacturer's specifications for proper value, al¬ 
lowing 0.4 volt at the 7447 driver output pins when a 
segment is illuminated. 

internal sequencing and display 

The time base counts down from a 1-MHz crystal 
oscillator, U9. The crystal is a Jameco CY-1A but 
may be any general-purpose crystal. The trimmer ca¬ 
pacitor allows adjustment to WWV; a 5-50 pF range 
should be sufficient. 

The 7490 dividers in U5-U8 are connected for sym¬ 
metrical output. The divide-by-five output is con¬ 
nected to the divide-by-two input. Final output is 100 
Hz or 10 millisecond period. 

U1 through U4 must be wired directly as shown. 
This count and display control circuit is similar to the 
Atlas digital dial and provides a 100-ms count gate, 
count latch, and preset load in a non-overlapping se¬ 
quence. 

The 100-ms count gate allows 10-Hz counter reso¬ 
lution. Display is limited to 100 Hz resolution by omit¬ 
ting the latch, decode, and display packages for first- 
stage counter U16. 

Counter preset data is always present but is not 
loaded until pin 1 of the 74176s goes low. A front- 
panel switch selects the proper preset. The HIGH po¬ 
sition is for 10, 15, and 20 meters; LOW is for 40, 80, 
and 160 meters. This switch also controls MSD blank¬ 
ing of decoder U28. 

layout and construction 

Layout is not critical. The bus wiring diagram of 
fig. 2 follows the schematic and signal-flow se¬ 
quence. Perforated board with one-tenth-inch (2.5- 
mm) hole spacing is used throughout. Board wiring 
is by wire wrap, with sockets for all ICs and displays. 

I've found that wire wrap is easiest for a single 
project. It permits easy changes. Adhesive-backed 
copper tape is used for power, ground, latch, and 
preset bus lines. Socket wiring is wrapped, then sol¬ 
dered to the bus strips. This technique eliminates the 
usual rat's nest of conventional wire wrapping. 


The main board is 5 inches (127 mm) by 8 inches 
(203 mm). 

The six-digit display board is5-1/2by 1-1/4inches, 
(13.8 cm by 3.2 cm) attached to the main board with 
small brackets and No. 2 machine screws and nuts at 
holes marked D in fig. 2. Holes marked M are for 
mounting the main board in the enclosure. 

Usual socket layout orients pin 1 in the same direc¬ 
tion. Signal flow and bus strips required some modi¬ 
fication of this rule. Use care in identification during 
construction. The 0.1-#tF disc ceramic bypass capaci¬ 
tors should be mounted where shown, f 

connection to the Atlas 

Power requirements are 5 Vdc at 1.2 amperes. My 
display used 12 volts from the Atlas external oscilla¬ 
tor socket (fig. 3). Two National LM309K three-ter¬ 



minal regulators were used, the outputs divided into 
A and B power connections of figs. 1 and 2. The 5- 
ohm dropping resistor reduces regulator dissipation. 
It is mounted inside the perforated metal cover at the 
display enclosure back panel. 

The Atlas requires a nine-pin miniature vacuum- 
tube plug connector. I used a Pomona Electronics 
TVS 9 tube-test adapter. Originally used for tube-cir¬ 
cuit testing, it has solderable lugs on the socket end. 

packaging 

No miniaturization was attempted. The enclosure, 


^ possible, use several 0.01-nF bypasses, distributed evenly along power 
*An unconnected m input will float to a high level but is susceptible to and ground buses, which reduces the possibility of digital noise entering the 

noise pickup; direct connection to + 5 volts minimizes noise pickup. receiver. 
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which is 9-1/2 inches (24 cm) wide and 6-3/4 inches 
(17.1 cm) deep, fits nicely on top of an Atlas cabinet. 
Shown in fig. 4, this homemade enclosure uses alu¬ 
minum sheet plus angle stock for strength and join¬ 
ing the cover. 

Metal spacers and No. 4 screws hold the main 
board to the bottom section. Since I used 1/2-inch 
(12.7-mm) spacers, the wire-wrap posts had to be 
trimmed after wiring to prevent shorts. Height may 
be increased to eliminate trimming or to include a 
power supply. 

Power regulators and the dropping resistor are 




mounted on the back surface. The resistor cover pre¬ 
vents possible burns. Wiring from the Atlas is made 
directly into the display. 

modification for 
the Swan transceiver 

Preset connections must be changed for the 
Swan's 5500 kHz i-f, and this information is given in 
fig. 5. Pins 4, 10, 2, and 11 of U14 through U16 re¬ 
main grounded. External oscillator connection and 
power-supply arrangements are shown in fig. 6. 

The ac-input supply may be used with any trans¬ 
ceiver and installed within a larger display cabinet. 
Only one series regulator is required with the ac sup¬ 
ply; LED display power is taken unregulated from the 
transformer center tap. 

A Swan display could use the power supply from 
either fig. 3 or fig. 6; choice depends on primary 
power at installation. 

preset options 

The tens complement method is limited to single¬ 
conversion and certain VFO ranges. Some situations 
may use the nines complement for the MSD preset. 
The nines complement is equal to the tens comple¬ 
ment minus one. One situation is indicating 12 MHz 
with a 15-MHz VFO. 

The tens complement method would display 
22000.0 or 2000.0* with MSD blanked. The added 
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complement would be 07000.0 and obviously wrong. 
Changing the MSD to nines complement, or 97000.0, 
would correct this: 


load mixed complement 
add VFO frequency 


97000.0 

15000.0 

12000.00 (MSD carry 
ignored) 


Modifications of the preset can be included to cor¬ 
rect slight frequency errors in a VFO. Grounding all 


presets allows direct frequency measurement subject 
to the accuracy of the time-base crystal oscillator. 

summary 

In this day of synthesizers, built-in digital displays, 
and other refinements, it's still possible to update 
good equipment. This isn't a beginner's project, but 
it can be built by an experienced homebrewer. Op¬ 
tions are possible. An added incentive is low cost. 



appendix 

This material is included for clarification of the only complex part 
of the digital display - the count and display control. This circuit 
has been breadboarded as well as analyzed. It works up to 1 MHz 
input without trouble. 

The digital display operation depends heavily on proper opera¬ 
tion of U1 through U4 (fig. A-1). Operation of this circuit is detailed 
as an aid to trouble-shooting and to illustrate variations in digital 
circuit designs. This section controls the counting gate, latch, and 
preset sequencing automatically. 

The timing diagram begins with decade counter U3 in a decimal 
9 state. U2-12 is low, inhibiting the U4 VFO count gate and holding 
the counter chain and display idle. The first negative edge from 
U4-3 will toggle U3 from 9 to zero. U3-11 will go low and toggle 
U2-12 high; counting begins. 

After ten negative edges of U4-3, or 100 milliseconds, U3-11 will 
go low again. U2-12 will toggle low, inhibiting the VFO gate and 
toggling U2-9 high. Both U1-9 and U1-12 have remained low due to 
the low J input at U1-7 from U2-9; both sections of flip-flop U1 are 
connected as a shift register. 

The next negative edge from U4-3 will toggle the first stage of U3 
high and toggle U1-9 high, U1-8 low. U1-12 is ready to toggle on 
the next clock pulse from U3-4, but more significantly, U2-9 is 
cleared low by the low state of U1-8 into the direct-clear input, 
U2-6. The LATCH bus goes high through the inverter connection of 
114-5,6 and all of the 7475 latches store the full counter state. 

The following negative edge from U4-3 will toggle U1-12 high 
and force U3 into a decimal 9 state through the R9 control pins. 
The 7490 used for U3 will be held in the decimal 9 state until pins 6 
and 7 go low. The first stage of U3 will toggle low and remain for 15 
to 20 ns until forced high; flip-flop delays account for the negative 
spike. 

If U1-12 is high, then U1-13 will be low and counter PRESET is 


enabled. Counters assume the preset connections, but the latches 
hold the previous count due to U4-6 dropping to a low state. U1-9 
is now low and sets up U1 -14 J input for the next clock edge. 

The last clock will toggle U1-12 low and remove the forced 9 
state of U3. U3 does not toggle, since the forced condition will 
have been still present at the clock edge arrival time. U3 remains in 
a 9 state, and all flip-flop Q outputs are low. The counter and dis¬ 
play are idle. 

The cycle will start again on the next clock edge. Display update 
occurs every 140 milliseconds, about seven per second. 

Take care not to confuse pins 8 or 9; 12 or 13 of both flip-flop 
packages. An improper connection will cause a short cycle and 
false display; possibly no display at all. 
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ham radio 


TECHNIQUES ^ 


more about moonbounce 

My last column was an introduc¬ 
tion to "moonbounce" (earth-moon- 
earth) communications — the past 
history of it and the way Radio Ama¬ 
teurs use this exciting means of com¬ 
municating. One important point I 
stressed is that EME is totally unlike 
the more common modes of commu¬ 
nications in that the parameters re¬ 
quired for moonbounce work are well 
known and the beginning moon¬ 
bounce enthusiast can make the 
larger, more well-equipped stations 
work for him, thus taking a portion of 
the communications burden off his 
backl 


The Amateur bands between 6 
meters and 1296 MHz have been used 
for moonbounce work. The most 
popular bands for this up-and-coming 
mode are 144 MHz and 432 MHz. 
There seems to be more activity on 
the 2-meter band, and the station re¬ 
quirements for this band are well 
established. This column limits dis¬ 
cussion to 144 MHz moonbounce 
operation. 

A representative EME path is 
shown in fig. 1. If two operators can 
see the moon at the same time, the 
path is available for contact. For gen¬ 
eral operation, EME operators aim for 
a "window in the sky" called the uni¬ 
versal window,, an area in the sky in 


the path of the moon through which 
most operators can see the moon. 
Most moonbounce activity occurs 
when the moon traverses the window. 

The round-trip antenna gain re¬ 
quired under ideal conditions on 144 
MHz is very close to 41 dB. This 
means that a moonbounce operator 
having an antenna with a power gain 
of 21 dB over a dipole should be able 
to hear his own moon echos and 
should hear other moonbounce sta¬ 
tions having 21 dB of antenna gain, 
or more. 

Since the round-trip gain is suppos¬ 
edly constant, stations having an an¬ 
tenna gain less than 21 dB can't hear 
their own echos but can hear other 
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stations having more than 21 dB of 
antenna gain. A station having an 18- 
dB gain antenna, for instance, should 
be able to hear and work moon- 
bounce stations having an antenna 
gain of 24 dB. Exceptions to this rule 
make moonbounce very exciting. 

Several commercially available 2- 
meter Yagi beams have a claimed sig¬ 
nal gain of over 16 dB. Taking this as 
par, then, how does the beginning 
moonbouncer build up a practical 
EME array? Well, the 16-dB antenna 
can hear other moonbouncers having 
an antenna gain of 24 dB. Enough 
moonbouncers have arrays of this 
size to make a 16-dB antenna margi¬ 
nally acceptable for a moonbounce 
contact. The biggest moonbounce 
arrays that I know of in everyday use 
run about 26 dB over a dipole. Once 
in a while hams in research establish¬ 
ments obtain permission to put a "big 
dish" (parabolic) antenna on the air 
for moonbounce work. And that pro¬ 
vides a moon-reflected signal that will 
knock your ear off! 

how to achieve moon¬ 
bounce antenna capability 

How big must the moonbounce 
array be to provide practical EME 
work? A 16-dB antenna will permit 
contact with a few stations. If two 16- 
dB antennas are combined properly 
to form a larger array, the overall gain 
will be increased by about 2.5 dB. If 
four arrays are combined, the gain 
will go up another 2.5 dB. Two 
arrays, then, provide 18.5 dB and 
four provide 21 dB. Suitable antenna 
combinations are shown in fig. 2. 

Many moonbouncers settle for four 
arrays as this configuration is not too 
bulky and the feed system is not com¬ 
plicated. Some of the ardent DXers 
use as many as 24 antennas in a four- 
by-six arrangement — yet many 
enthusiasts use only one or two 
arrays. 

Some of the factors to be consid¬ 
ered when building a moonbounce 
array are as follows. 

Distance to the moon. The dis¬ 


tance to the moon varies because the 
moon's orbit is an ellipse. At perigee 
(the closest point) the moon is about 
221,400 miles (354,240 km) from the 
earth and at apogee (the farthest 
point) the moon is 252,700 miles 
(404,320 km) away. The path differ¬ 
ence is about equal to 2 dB, so it pays 
big dividends to use the moon when 
it is closest to the earth. 

Sky noise. This phenomenon refers 
to background noise that may limit 
reception. There are a lot of radio 
noise sources in space. The sun, for 
example, is a prolific radio-noise gen¬ 
erator. Certain stars are radio-noise 
sources, too. A noisy star in line with 
the moon can override weak moon¬ 
bounce signals. Wise moonbounce 
operators operate when the moon is 
in a quiet portion of the sky to reduce 
competition from unwanted noise. 

Faraday rotation. A puzzlement to 
early EME experimenters was the 
mysterious loss of signal caused by 
polarization rotation of the signal as it 
passed through the earth's atmos¬ 
phere. Many simple moonbounce an¬ 
tennas are fixed as far as polarization 
goes, and the operators must patient¬ 
ly wait until polarization aligns itself 
with their antennas before contact 
can be established. 

In addition, atmospheric effects 
can blur the signal ( scintillation ) and 
the rough surface of the moon causes 
libration fading. All of this means that 
sometimes moonbounce communi¬ 
cation is almost impossible, and at 
other times signal strength is so great 
it cannot be explained. 

But to plan a moonbounce station, 
a certain set of normal conditions 
must be taken, and the overall situa¬ 
tion is not as gloomy as it might 
sound. To begin with, a single 16- 
dBd Yagi antenna will suffice if the 
beginner wishes to listen for some of 
the more well-equipped EME stations. 
Two 16-dBd Yagis will provide im¬ 
proved capability and allow two-way 
communication with the better 
moonbounce stations. Four Yagis will 
provide good EME capability. And 
from this point, the moon's the limit! 


moonbounce station 
equipment 

Before leaving the discussion of 
the antenna it should be pointed out 
that feedline loss plays an important 
part in EME work, and it should be 
held to as low a value as possible. 
The length of the line should be short 
and the antenna mounted near the 
equipment. Contrary to what is re¬ 
quired for ionospheric-reflected DX 
work, height is not important for EME 
work as long as the antenna can 
clearly "see" the moon. Many moon¬ 
bouncers place their antenna right 
outside the operating room. In some 
cases a good grade of RG-213/U or 
RG-8B/U cable is used, or else the 
larger, more expensive RG-17/U 
cable. The better-equipped stations 
use air-dielectric coaxial line for mini¬ 
mum loss. 

Some deluxe moonbounce stations 
locate the receiver preamplifier and 
transmitter power amplifier directly at 
the antenna to eliminate feedline loss. 

I don't recommend the beginner 
attempt this, but it illustrates the 
attention to detail that makes a suc¬ 
cessful moonbounce station. 

Progressing down the feedline, the 
antenna relay is a critical item. The 
relay must provide adequate isolation 
of the receiver during periods of 
transmission. The very sensitive 
devices used in EME preamplifiers 
cannot stand seepage of rf from the 
transmitter around the relay contacts. 
Many moonbouncers use two sepa¬ 
rate antenna relays, one to switch the 
feedline and the second to ground 
the input terminals of the receiver 
preamplifier for protection. 

Next item to consider is the station 
receiver. A good, low-noise preampli¬ 
fier is required. The receiver may con¬ 
sist of an hf receiver with a 2-meter 
converter in front of it. The receiver 
should be equipped with a narrow- 
band, filter such as used for CW 
reception. This will provide the best 
signal-to-noise ratio and enhance the 
operator's ability to hear weak sig¬ 
nals. A passband of about 500 Hz is a 
good compromise. 
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Finally, the transmitter must be 
considered. While moonbounce con¬ 
tacts have been made on rare occa¬ 
sions by stations using as little as 200 
watts output, a practical moon- 
bounce station calls for 1 kW input, 
with about 700 watts going into the 
antenna system. Maximum power, of 
course, provides the greatest margin 
for success. 

In addition to the transmitting and 
receiving equipment, the practical 
EME station requires an accurate 
clock. A tape recorder is very handy 
for'recording received signals. And 


finally, if the moonbounce antenna is 
steerable, the operator requires align¬ 
ment information to aid in finding and 
tracking the moon. 

With a tracking antenna and lunar 
orbital information, the moonbounce 
operator is able to plan his operation 
into the future and arrange schedules 
with other enthusiasts. The Nautical 
Almanac provides lunar information 
in terms of the Greenwich Hour 
Angle (GHA) and, unless the operator 
lives in Greenwich, England, he 
requires a second publication which 
converts this information into usable 
data. And, finally, the longitude and 
latitude of the station must be 
known. 

A helpful handbook which discus¬ 
ses all of this information in detail is 
VHF Radio Propagation, by J.D. 
Stewart, WA4MVI (book number 
21575) published by Howard W. 


Sams & Co. and available at many 
Amateur Radio distributors and from 
Ham Radio's Bookstore, Greenville, 
NH 03048 ($4.95 plus $1.00 shipping). 

a day in the life of 
a moonbouncer — K1WHS 

(This is the story of Dave Olean, 
K1WHS, an active moonbouncer. 
Dave uses an array of twenty-four 
large Yagis to provide a power gain of 
over 26 dBi on 2 meters. This is an 
actual account of Moonbounce DX 
using this super-big antenna). 


The alarm clock sounds like Big 
Ben. I awake with a start in the black¬ 
ness and fumble around to silence the 
noisemaker. Ah, yes. Tonight is the 
Universal Window. Saturday morn¬ 
ing, 2 A. M. on the east coast. A lot of 
Europeans will be on 2 meters looking 
for moonbounce contacts. 

Up and at 'em. Wringing the sleep 
from my eyes, I head toward the 
shack. I flip on the lamp, view my 
schedule list and check the clock. 
The big antenna array of twenty-four 
Yagis rotates around to intercept the 
moon at the touch of the controls. 
The equipment has been running and 
warm all night in anticipation of this 
moment. 

With a yawn I slip on the ear¬ 
phones, key the 2-meter transmitter, 
and adjust the drive level for 100 
watts output. The SWR on the trans¬ 
mission looks good. All seems to be 


in order. I send a few dots and switch 
to receive. Yes I I am greeted by a 
nice moon-reflected echo of my sig¬ 
nals that have just made the 450,000 
mile (720,000 km) round trip. 

The moon is at perigee, or the 
closest point to the earth. I know this 
can make a big difference when a 
small, marginal moonbounce antenna 
is being used on one end of the EME 
circuit. Path loss can increase by 2 dB 
between perigee and apogee, and 
this can spell success or failure with a 
marginal antenna. 

All right. I scan the 2-meter band 
between 144.000 and 144.015 MHz 
and hear a few signals. They are com¬ 
ing back at me from the moon. 
WA1JXN/7 is calling CQ on 144.007 
MHz. Lance is about two and one- 
half S units above the background 
noise and very steady. Good copy. 
That's a good signl 

Some days the lunar-reflected sig¬ 
nals are very "watery" and subject to 
severe, rapid fading. Such conditions 
tend to frustrate avid moonbouncers. 
Stations with small antennas may 
have a hard time making any contacts 
at all during a period of disturbed 
conditions. Not so this evening. 
Tonight the band sounds perfect! 
Even the galactic background noise is 
cooperating. Very little excess noise 
means signals will be strong and 
clear. 

By this time my first schedule with 
DL8GP in Germany is about to begin. 

I tune the receiver to 144.030 MHz 
and zero-beat my transmitter fre¬ 
quency as close as possible. Wowl 
I'm hearing his signal! 

"K1WHS DE DL8GP...K1WHS DE 
DL8GP..." He's there. Over and over 
I hear the two calls, clearly. After two 
minutes he signs over to listen for 
me. I transmit calls back for a minute 
and a half, then in the last 30 seconds 
I send the letter O several times, to 
signify that full call sets have been 
received. That's moonbounce short¬ 
hand many stations use. 

I stand by and DL8GP answers 
with more moonbounce shorthand: 
"R-O-R-O" meaning OK, call sets 
received. Another moonbounce DX 
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schedule logged. His signals have 
been quite steady the whole time. I 
let him go to work other moonbounce 
stations looking for a European 
contact. 

The moon at this point is about one 
hour away from setting in central 
Europe. I touch up the antenna rotors 
to peak the array on the moon. A 
beamwidth of less than 6 degrees 
means a lot of antenna tweaking to 
stay on the moon. I generally update 
my headings every six or eight 
minutes. 

What else is going on? I think 
144.004 is clear for a CQ. I am “look¬ 
ing" toward the east and, by conven¬ 
tion, should transmit during the even 
two-minute periods of the hour. As I 
reach for the key, VE7BQH and 
WB0QMN both come on calling CQ, 
about a kilohertz apart. Both signals 
are of unbelievable strength, consid¬ 
ering they are coming at me from the 
moon. It is hard for a moonbouncer 
to comprehend the signal levels as 
received on such a large antenna 
array. Both Tom and Lionel are S6 on 
peaks, the receiver meter bouncing 
with a little libration fading. I quickly 
drop the idea of sending a CQ and 
decide to call WB0QMN. To my sur¬ 
prise he doesn't come backl This 
occurence, I say to myself, is a per¬ 
fect example of the K1WHS moon- 
bounce theorem: Namely, that if a 
signal is loud enough to roll your 
socks up and down on 2-meter 
moonbounce, the operator will not 
even detect your signall Sort of a vhf 
version of Murphy's Law. 

Back to the idea of a CQ. I move up 
the band a few kHz and send a short 
call. Wow! A pileup calling mel This 
is difficult, as all signals are zero-beat 
and all about the same strength! Sort 
of like 20 meters, I say to myself. 
Through the din I can make out... 14 
(Italy) and W...DU. The other calls 
are lost. After two minutes, I've just 
been able to pull out one complete 
call...here it is: HB9QQ (Switzer¬ 
land)! 

I'm really surprised, as the Swiss 
station is a new one I've never heard 
before. I've tried schedules with him 


off and on since 1976 with no luck, 
and now here he is, big as life! The 
big, 24-Yagi array does the job, and I 
pick him out of a moonbounce pile- 
up on a CQ. Times do change on vhf! 
Pierre is running about 339. A good 
signal. He gives me 539 and we sign 
off. 

Time for another CQ? No, sked- 
time with G4IDR in England is coming 
up. This will be a tough one as he's 
only running a single long Yagi and 
400 watts. He can only aim at his 
horizon since his Yagi is used mainly 
for tropospheric and meteor scatter 
work. But now his setting moon is in 
line with his antenna and the prear¬ 
ranged sked time is upon us. 

Watching the sweep second hand 
on my clock, I begin my calling se¬ 
quence and pause between charac¬ 
ters to listen to my own echo. It is 
very strong. Now, I listen for Dave, 
G4IDR. Nothing. I wait for two min¬ 
utes and start calling again. Half-way 
through my calling period I detect a 
signal during the keying sequence. It 
is very, very weak and sounds like 
background flutter. 

The signal builds up slightly. I hold 
my breath and close my eyes...an old 
trick which seems to concentrate 
hearing comprehension. Parts of a 
call come through "...1WH...4... 
DR." 

In my next calling sequence I start 
sending the letter M in the last 30 
seconds. This told Dave I was getting 
parts of his call. Now, I again listen 
and Dave's moonbounce signal picks 
up a bit to allow a few sets of calls to 
sneak through, then a slow, gradual 
slide into the background noise 
begins. Faraday rotation has struck 
again! 

From experience I know it will be at 
least ten or fifteen minutes before I 
hear him again. I send a batch of Os 
to G4IDR, telling him I have received 
the call sets. Moonset in Europe for 
G4IDR is 0812, and at 0800 I start to 
hear him again after a 40-minute 
lapse. Excitement builds as I strain to 
hear him. I figuratively crawl down 
the earphone cord. He is building up, 
now...at 0804 he is much stronger, in 


fact, now moving the S meter! The 
whole 2-minute sequence is nearly Q5 
copy. 

I acknowledge his transmission 
with enthusiasm, stopping at 0810 as 
I know he's lost my signals. 

Suddenly, the telephone rings and 
I jump involuntarily. None other than 
Dave, G4IDR, is on the line from 
England! He's so excited he can hard¬ 
ly talk. He was running 400 watts out¬ 
put into a single, 19 element Boomer 
Yagi. But the surprise was that he 
had removed the front six feet of the 
boom and the associated elements so 
that he could turn the antenna in his 
small yard. He had a 3-dB loss in his 
feedline, moreover, giving him only 
200 watts into a "lobotomized" Yagi 
beam! I exchanged excited words 
with him, set up a new sked, then 
turned back to the receiver for more 
listening. 

The moon has set in Europe, so I 
switch my calling period from even 2 
minutes to the odd ones and call CQ. 
There's WB0QMN coming back, 
weak but readable. I answer Tom and 
give him a 339 report. No reply. 
Where did he go? Another call. No 
reply. 

As I start to call again, the phone 
rings for the second time. It is Tom, 
WB0QMN. 

"Do you know what you just 
heard?", he asks. "I was running my 
10-watt exciter into my moonbounce 
array! Ten watts! I nearly fell out of 
my chair when you came back. I 
decided you must be working some¬ 
one else and that my ears tricked me. 
So I didn't reply. Then when you called 
again..." 

"Surely the QRP DX report of the 
century," I replied. "No way to top 
that one." 

The moonbounce DX session was 
over by now. The moon "window" 
was closed. I flipped off all the con¬ 
trol switches and headed up the stairs 
for a quick wink of sleep before I had 
to go to work. Not a bad "DX win¬ 
dow" for 2-meter moonbounce work. 
Too bad I didn't get the Italian sta¬ 
tion. Maybe next time... 

ham radio 
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genesis of a synthesizer 


Design and construction 
of a low-cost 
2-meter synthesizer 

Several years ago, after purchasing an inexpensive 
2-meter rig for the car, I realized that crystals for this 
new toy were rather expensive. If I loaded up all 23 
channels I would have more invested in quartz than 
in the rig! Clearly, a synthesizer was needed, and so 
the search for ideas began. 

A search of the literature revealed that most de¬ 
signs used TTL, consumed lots of power, used two 
(or three) crystals in a mixing scheme, and could be 
improved upon with a dash of newer technology. 

Next, some design objectives were laid down. 
These were the following: 

1. Coverage of the entire 2-meter band in 5-kHz in¬ 
crements 

2. Adequate output drive at 12 MHz (transmit) and 45 
MHz (receive) 

3. Switch-selectable offsets of +600 kHz, -600 
kHz, or simplex operation 

4. Low power consumption (less than 250 mA) 

5. Good temperature stability, small physical size, 
and low cost (less than $100) 

Happily, these objectives have been met, and the 
result is what follows. 

system design 

Referring to fig. 1, the system block diagram, we 
see that the reference frequency for the phase detec¬ 
tor is derived from a very stable 6.82666-MHz crystal 
oscillator. This signal is divided by 4096 to provide 
the 1.666-kHz reference frequency. The phase detec¬ 


tor output is smoothed to dc by the loop filter and 
controls the VCO frequency. This frequency is divided 
by 2 before being applied to a divide-by-N counter. N 
is determined by the settings of the thumbwheel 
switches and the choice of offset. 

The divide-by-N counter output supplies the sec¬ 
ond input to the phase detector, closing the feed¬ 
back loop. The receive and transmit outputs are the 
VCO frequency and the VCO frequency divided by 
four respectively. This scheme was the simplest I 
could devise consistent with my needs. Now, let's fill 
in the blocks. 

how it plays 

Refer to the schematic, fig. 2. It was suggested to 
me that, for best frequency stability, the reference 
oscillator should be in the 5-10 MHz range. For this 
reason, the crystal is a 6.82666-MHz unit, cut for 30- 
pF load capacitance. U1, a CD4060B containing the 
oscillator circuit and an on-chip divide-by-4096 
counter, provides the 1.666-kHz reference. (Note the 
heavy temperature compensation.) Also, the load ca¬ 
pacitance can be adjusted slightly to offset the crys¬ 
tal frequency for + 5 kHz channel spacing. Zener reg¬ 
ulation provides excellent stability over an 11-15 volt 
supply range. 

The desire for low-power consumption made the 
MC14046 (or RCA CD4046) a logical choice for the 
phase detector. The loop filter was adapted from the 
design of DJ2LR1 and was designed to provide a 
worst-case settling time of about 50 ms. The output 
of the loop filter controls the frequency of an 
MC1648 VCO, tuned by an MV104 varactor. A 
2N2369, Q1, converts the VCO output (an ECL square 
wave) into a TTL-compatible signal to drive the out¬ 
put buffer and divide-by-four circuits. 

This signal is divided by two by U14, an SN74S74 


By Ken Grant, VE3FIT, 46 Merryfield Drive, 
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flip-flop. The flip-flop output is then level-translated 
to clock U15, an MC12013 dual-modulus prescaler. 
U3-U8, and U15, form the divide-by-N counter. Note 
that, since the MCI2013 output is at «2.5 MHz, sub¬ 
sequent stages can be relatively low-speed CMOS de¬ 
vices. The divide-by-N arrangement divides the VCO 
signal down to 1.666 kHz for the phase detector. It's 
based on the scheme used by K4VB and WA4GJT. 2 

The divide-by-N counter is programmed in two 
ways: first, according to whether you're in transmit 
or receive mode (Q4 and associated circuit); second, 
by U9-U12 in conjunction with the thumbwheel 
switches and the transmit offset selection toggle 
switch, S2. U9-U12 form a two-decade BCD adder/ 
subtractor capable of adding 0.6 MHz (600 kHz), or 
zero MHz, or subtracting 0.6 MHz from the thumb¬ 
wheel switch settings. 

Finally the 12- and 45-MHz signals are gated and 
buffered by U16 to provide low-impedance output 
drive. (Gating the output signals on or off helps to 
reduce overall current consumption.) A LM340T-5 
provides regulated +5 volts for all the non-CMOS 
logic. 

construction 

As you can see from the photos, the unit is very 
compact. All the CMOS circuits are mounted on a 
piece of Veroboard measuring 3.25 by 3.25 inches 
(8.3 by 8.3 cm) and are supported by four 0.25-inch 
(6.5-mm) standoffs. The remaining circuitry is on a 
double-sided PC board measuring 2-7/8 by 2-7/8 
inches (73 by 73 mm). A resist pen was used to make 
the circuit trails. 



Completed synthesizer. Unit Is a compact 4 by 6 by 1.6 
Inches (10 by 13 by 3.8 cm). 


The circuit paths are etched on the top of the PC 
board, and the bottom is left unetched for a ground 
and to shield the more sensitive circuit from any 
CMOS switching garbage. 

Be sure to remove a small area of copper (using a 
small drill bit or deburring tool) from the area around 
the holes where any ungrounded components pro¬ 
trude. In addition, I fashioned a piece of thin copper 
into a VCO shield. Be sure that it's grounded! The 
general circuit board layouts are shown in fig. 3. 

Feedthrough caps (500 pF) filter any rf from the 
PTT and + 12-volt lines, while the transmit and 
receive outputs are taken from a pair of phono sock- 



fig. 1. Synthesizer block diagram. "N" Is determined by thumbwheel switch settings and the choice of frequency offset. 
The entire 2-meter band Is covered In 5-kHz Increments. 
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mounted on a piece of Veroboard (A). (The American 
equivalent is Vectorboard No. 3682-4.) Interconnec¬ 
tions on this board are made using No. 30 (0.2S-mm) 
insulated wire on the underside. The PC board, (0) and 
(C), is double-sided copperclad. The bottom is left 
unetched to serve as a ground plane and shield. Circuit 
trails, made with a resist pen. are on top. 



Inside the 2-meter synthesizer. All CMOS circuits are 
mounted on a piece of Veroboard and are supported by 
four standoffs. Remaining circuitry is on a double¬ 
sided PC board. 


ets. The 5-volt regulator is bolted to the rear of the 
case for good heat dissipation. 

checkout and alignment 

After all of your wiring is done, I suggest checking 
all the interconnections with an ohmmeter. This 
doesn't really take too long and often saves a lot of 
time later on. 

Once you're satisfied that all is in order, set the 
thumbwheels and toggle switches for 144-MHz sim¬ 
plex. Ground the PTT line and apply power. If all is 
well, you should be drawing about 200 mA and there 
should be a 12-MHz waveform at the transmit out¬ 
put. Lifting the PTT line from ground should cause a 
44.433-MHz signal to appear at the receive output. 

If all isn't well, start a check with your oscilloscope 
probe, starting at the reference oscillator and work¬ 
ing your way around the loop. Finally, use a frequen¬ 
cy counter to adjust the crystal oscillator right onto 
frequency. Check for proper operation of the trans¬ 
mit offsets (remember that the thumbwheel switches 
show the received frequency). Opening the +5 kHz 
toggle switch should shift both receive and transmit 
outputs by the equivalent of 5 kHz at 144 MHz. 

installation 

Only five connections are required between the 
synthesizer and your rig. These are: + 12V, ground, 
PIT line, and receive and transmit inputs. The latter 
two should be coaxial cable. Try to terminate both 
coax lines with somewhere between 50 and 100 
ohms. K9LHA provides excellent interfacing sugges¬ 
tions in his article. 3 
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A common occurrence in outboard synthesizer in¬ 
stallations is one of vhf rf coming back into the syn¬ 
thesizer through the two interconnecting coaxial 
lines. My setup was such a case, and the results were 
very evident — nobody could understand a thing I 
said for all of the squealing and hum! The cure was to 
install a pair of in-line lowpass filters, thus stopping 
the vhf rf before it can get inside the synthesizer. Cir¬ 
cuit details are given in fig. 4. 

results 

After the rf feedback problem was licked, I enlisted 
the help of several local Amateurs in evaluating the 
synthesizer. All reported that the signal was spot-on 
frequency. The audio on transmit is as good using 
the synthesizer as when using crystal control. 
Received signals are also of similar quality. Measured 
frequency drift was ±50 Hz at the 12-MHz output 
between the ambient temperatures provided by a 
deep freeze and a mildly hot oven. Best of all, the 
project came in within the budgeted price, thanks 
partially to some keen scrounging. 
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CW anyone? 


A challenge 
to break the world’s 
code-speed record 

Have you been telling your wife and kids what a 
hot-shot code operator you were back in the big war? 
Your wife was probably impressed, and your kids 
were spellbound each time you related your war 
stories. Or perhaps you wax nostalgic over your wire¬ 
less days in that rusty old oil tanker? Wasn't that the 
vessel whose officers recruited high-speed operators 
from Joe's waterfront bar? Didn't you copy code 
eight hours a day at 50 words a minute from that 
coastal station? A most remarkable achievement — 
particularly since that Navy station never transmitted 
faster than 18 words per minute! 

Perhaps you're a newcomer, just beginning to 
learn the code. If you have the ability to tune out 
these old timers, you should do very well indeed. 
They may tell you about the old-time wireless oper¬ 
ator (or did he work for Western Union?) who waited 
on customers, made change, drank coffee, smoked a 
pipe, read the paper, and copied Morse code all at 
the same time. (For some strange reason the narra¬ 
tors can never remember the name of this operator of 
yesteryear.) The longer these old operators are away 
from Morse code, the faster they used to copy it. 

a challenge 

If you fit into any of the categories mentioned, or 


are new to Amateur Radio, then now is the moment 
of truth: now is the time to put your fist where your 
mouth is. I propose a threefold challenge: 

1. The first is a sanctioned code contest to determine 
a national CW champion. 

2. Next is a challenge to manufacturers of CW- 
oriented equipment to provide a suitable gift certifi¬ 
cate to make the effort worthwhile. 

3. Finally, I propose that ham radio magazine spon¬ 
sor and perpetuate this contest on an annual basis, 
with a special award to anyone officially exceeding 
the current world's record. Quite a challenge. Are 
you game? 

code-speed record 

What about this record? According to the Guin¬ 
ness Book of World Records, "The highest recorded 
speed at which anyone has received Morse code is 
75.2 words per minute, — over 17 symbols per 
second. This was achieved by Ted R. McElroy 
(W1JYN) in a tournament at Asheville, North 
Carolina, on July 2,1939." 

On that same day, Ted set another record. He 
copied the American Morse Code at a speed of 77 
words per minute. Following the contest, Ted wrote 
a letter to his old instructor, Walt Candler, in which 
he complained that the transmitting apparatus would 
not go any faster, and that there wasn't any competi- 
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tion. Ted wrote, "You can't have a contest unless 
there is competition." 

When Ted first learned the code, he used a buzzer 
set and an ancient typewriter. Consequently, it took 
him nearly nine months to reach the modest speed of 
50 words per minute. So what is the problem now? 
Why hasn't this record been broken? We're sur¬ 
rounded by electronic keyboards, buffered type¬ 
writers, and memory devices that Ted McElroy never 
dreamed of. Isn't it time to break this record? Per¬ 
haps this challenge will initiate a serious attempt to 
do so. 

the competition 

I know a number of operators who can copy Morse 
in excess of 75 words per minute. Just listen to Bill 
Eitel, W6UF, and the members of the Five-Star Net 
as they roar along at this speed. They can do itl Have 
you heard K7BW and his super speed contacts with 
N6AO? Watch Evelyn Headings, W7LLD, make a 
believer out of you as she copies at nearly 60 words 
per minute with a pencil. That's right — with a pen¬ 
cil . Can she break the world's record? Sure she can. 

Jerry Ferrell, WB7VKI, has a certificate for 69.4 
words per minute. Can he break the record? Well, he 
can as soon as he upgrades to General class and gets 
off the Novice bands. After that his code should 
begin to improve. However, he may be the first 
Novice to exceed 75 words per minute. There are 
many operators that can, and will, break this 42-year- 
old record. Why not this year? 

getting started 

If you're a beginner you might ask how to proceed. 
First, you should learn to type at 75 words per minute 
without error. Many operators copy in their heads 
and lose the ability to transcribe and produce "hard 
copy" of what they receive. In a sanctioned contest 
this is a must. 

What about the code? That's the easy part. How¬ 
ever, a word of advice. The first half hour of your ini¬ 
tial exposure to code will determine your learning 
curve. You must develop correct practice habits. 
Here are some tips. Stay away from those who reside 
in self-pity as they struggle to attain 5 words per 
minute but never practice. Don't listen to the "ex¬ 
perts" who passed 13 words per minute for just one 
minute, one time, down at the FCC office. You can 
do itl Just a little correct practice every day and you 
can be a winner. Enter that next club code contest 
and you're on your way. 

contest rules 

How about those club code contests? Have you 
ever listened to what is called code? The guy running 
the contest can't make a tape that runs over 20 


words per minute, so he doubles the tape speed. 
Hey, don't do that, fella! It sounds like pure garbage. 
Give the guy who copies a chancel 

What about official rules? For a world record to be 
valid, the contest must be held under rules similar to 
those in effect at the time Ted McElroy participated. 
According to those original rules, hard copy was sub¬ 
mitted by each contestant. In the event of a tie, the 
text was checked for capitalization of each sentence 
and each proper noun. Text was selected, just before 
the contest, from old newspapers. Dates and com¬ 
mon punctuation were permissible. Copy was 
machine-generated and transmitted. Dot-to-dash 
ratio was a one-to-three ratio with standard seven- 
element spacing between words. Contestants were 
allowed to bring their own typewriters and ear¬ 
phones. Three judges evaluated the contestants. 

word count 

What about word count? Our grandfathers count¬ 
ed four letters for each word. Many Amateurs now 
count five letters for each word. If the bit rate per let¬ 
ter in the alphabet is computed, it will be found that 
the average bit rate is just in excess of 11.3846 bits 
per letter. This amounts to 56.923 average bits per 
word, plus word space. For years the military used 
the word CODEX, which contains 56 bits of informa¬ 
tion, plus word space. 

In 1922, a count was made of newspaper print, 
and it was found that the average five-letter word 
contained only 50 bits of information. The word 
PARIS contains 50 bits of information and is the tim¬ 
ing word now used by the FCC. This later rate, plus 
word space, should be the standard count. 

Addition of numbers and punctuation will change 
the average transmitted rate. That's right. Transmit¬ 
ted Morse will not be at a constant speed. Speed 
must be averaged. For this reason, the only accepta¬ 
ble count must be the total bits of information trans¬ 
mitted in a prescribed time frame. Determining the 
total number of bits transmitted and average speed 
per minute is a simple program for any computer. 

Ever listen to the experts that stand around a ham- 
fest code contest and comment, "That's not 30 
words per minute. I can copy that in my head." They 
are probably the same people who are afraid to try 
the Extra class code examination. Perhaps all of their 
copy is in their head- Now is the time for them to put 
their ears where their mouth is. 

Perhaps soon there will be sanctioned state, 
regional, and national code contests. Then it will be 
your chance! Practice a little every day beginning to¬ 
day, then participate in the next contest. I intend to 
participate. I intend to beat the world's record. How 
about you? Hope to see you there! 

ham radio 
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satellites 


tracking 
in elliptical orbits 

Computer program 
and sample problem 
for tracking OSCAR 


The launch failure of the first AMSAT-OSCAR 
Phase III satellite was unfortunate but is only a tem¬ 
porary setback. The delay before the next launch will 
give many Amateurs a chance to get better prepared. 
This article contains information to enable an Ama¬ 
teur, with the aid of a computer or calculator, to 
track, in azimuth and elevation, a satellite in an ellipti¬ 
cal orbit. 

The altitude and velocity of a satellite in a circular 
orbit are nearly constant. However, both altitude and 
velocity are always changing during an elliptical or¬ 
bit. Communication range is greatest at the apogee: 
the point of maximum altitude. This condition corre¬ 
sponds to the point of minimum velocity with respect 
to an observer on earth. A low velocity means low 
Doppler shift; it also means that the satellite will re¬ 


main in view for a longer time and will not demand 
rapid antenna tracking. 

The spot on the earth surface directly beneath the 
satellite is called the subsatellite point. A plot of the 
path of this point is the ground track and must in¬ 
clude the effects of earth rotation. If the altitude and 
subsatellite point are known at a given time, the azi¬ 
muth and elevation can be found using the same 
equations as for circular orbits. 

Ground station latitude, 6g, and longitude, Ag, will 
be considered positive if the latitude is in the north¬ 
ern hemisphere and the longitude is west of the 
prime meridian. South latitude and east longitude 
must be entered as negative numbers. 

sample program 

A program for the HP-41C programmable calcula¬ 
tor and printer was written to test the equations and 
to learn more about elliptic orbits. Table 1 shows the 
variable storage locations. Let's work through an ex¬ 
ample. Our ground station is located in Los Angeles 
with bg=34 a and Xg = 118°. The orbital parameters 
are: 


By Paul C. Bunnell, WA6VJR, 1053 Nordhal 
Road, San Marcos, California 92069 
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GROUND TRftCK 


R02 = 

0.685 

R03 = 

328 

R 10 = 

R1 1 = 

table 1. Storage loca- 
1 5 tlons of problem vari¬ 

ables. 

9 

R 1 2 = 

21.05 

R 1 4 = 

0.5592 

R 15 = 

0.8290 

R 16 = 

0.8387 

R 17 = 

1 18 

R 18 = 

210 

R 19 = 

3963.2 

R 20 = 

100 

R21 = 

0.1 768 


R00 

= 

X 

R01 

= 

Rf'Rs 

R02 

= 

e 

R03 

= 

Ps 

R04 

= 

COS6s 

R05 

= 

° r ' table 2. Problem Initial 

COS0 conditions. 

R06 

= 

E or 

SIN*<9s 

RG7 

= 

8s- or 


eCOSE-1 ! 

R08 

= 

At- 

R09 

= 

Jss or 

SIN8 

R 10 

= 

TIME 

INCR. 

R 1 1 

= 

8ref 

R 12 

= 

Tref 

R 13 

= 

S I N8s 

R 14 

= 

S I N6e 

R 1 5 

= 

COS8<a 

R 16 

= 

SINi 

R 17 

= 


R 18 

= 

£J 

R 19 

_ 

Re 

R20 

— 

ORBIT 

R21 

= 

P 


TIME Lqi 
-315 -55.0 
-380 -51.8 
-285 -38.5 
-270 -28.8 
-255 -21.4 
-240 -15.5 
-225 -10.7 
-218 -6.7 
-195 -3.1 
-188 8.0 
-165 2.8 
-156 5.< 
-135 7.7 
-128 16.0 
-105 12.1 
-90 14.1 
-75 16.0 
-68 17.8 
-45 19.6 


LONG RNG 

159.6 3.1 

184.6 4.8 

86.2 4.5 

79.7 4.3 

77.3 5.8 

76.7 5.2 

77.1 5.3 

78.2 5.3 

79.6 5.4 

81.3 5.4 

83.3 5.5 

85.4 5.5 

87.5 5.5 

89.8 5.6 

92.1 5.6 

94.5 5.6 

96.9 3.6 

99.4 5.6 

181.8 5.6 


-36 21.4 

-15 23.1 

8 24.8 

13 26.5 

38 2S.2 

45 29.8 

60 31.5 

75 33.3 

90 35.0 

105 36.8 

128 38.6 

135 48.5 

150 42.5 

165 44.5 

188 46.6 

195 48.8 

210 51.8 

225 53.3 

240 55.3 

255 56.8 

270 56.7 

285 52.9 

380 41.4 

315 14.6 


164.2 5.6 

186.6 5.6 

109.8 5.6 

111.3 5.6 

113.6 5.6 

115.9 5.6 

118.9 5.6 

120.1 5.6 

125.3 5.6 

126.6 5.5 

12 :? .6 5.5 

128.2 5.5 

128.2 5.4 

127.5 5.4 

125.7 5.3 

122.4 5.3 

116.9 5.2 

188.1 5.0 

95.0 4.8 

77.1 4.5 

56.6 4.0 

35.2 3.1 


table 3. Printout of sample 
problem showing tracking 
parameters. Range is in 
thousands of statute miles. 


reference orbit No. 100 

time reference at apogee ( Trej) 21.0500 

(HH.MMSS) 

longitude reference at apogee (Xre/) 9° 
inclination (*) 57° 

argument of perigee (D) 210° 

eccentricity (e) 0.685 

period of Vi orbit iP s ) 328 minutes 


The radius of the earth, R e , is 3963.2 statute miles, 
the normalized gravational constant, /*', is 
0.176842228. We will choose time increments of 15 
minutes. These initial conditions are stored as shown 
in table 2. If ground track information is desired, the 
program is started at label E. The calculator halts and 
prompts you for the number of the orbit you wish to 
investigate. Let's look at orbit 105. Enter that number 
and press the R/S key to resume program execution. 
In a few minutes table 3 is printed. The apogee is at 
time 0, negative times occur before apogee, and the 
RNG (maximum range) column is in 1000s of statute 
miles. Also note that negative latitudes are in the 
southern hemisphere. To print the range with dimen¬ 
sions of kilometers or nautical miles, it's only neces¬ 
sary to enter R e in those units. 
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The ground track can be plotted on a northern 
hemisphere polar map or just a piece of polar graph 
paper. I found it useful to use a transparent overlay, 
pivoted at the north pole. The ground track is marked 
on the overlay in grease pencil and may be rotated to 
any desired position. Maximum range information 
may be used to determine if the satellite is within 
range of any two ground stations. 

Another part of the program calculates satellite 
azimuth and elevation. Only lines in which the satel¬ 
lite is above the horizon are printed. Start the pro¬ 
gram at label ST and again enter orbit 105. Table 4 is 
the result, showing how azimuth and elevation 
change with time. The asterisk locates the time of 
apogee. It's not necessary to re-enter any of the orbi¬ 
tal constants to plot other orbits. But, keep in mind 
that elliptic orbits suffer pertubations with time, and 
the latest orbital parameters available should be 
used. 

The program requires one memory module and 
uses the 82143A peripheral printer. Data storage reg¬ 
isters should be sized to 022. If a card reader is avail¬ 
able, the program fits on two magnetic cards. 

We're approaching a new era in Amateur satellite 
communications. New techniques and skills will be 
developed in the next few years as we gain experi¬ 
ence. I hope this article will contribute to those ef¬ 
forts. 


ORBIT 105 


TIHE fiZIHUTH 
23.36 139 

23:45 135 

6:00 132 

0:15 129 

0:30 128 

0:45 127 

1:00 126 
1:15 126 

130 126 

1:45 126 

2:00 127 

215 127 

2:3@ 128 

2:45 129 

3:00 131 

3:15 133 

3:38 135 

3:45* 137 
4:00 141 


ELEVfiTION 

5 


23 

28 

32 

36 

45 

48 

52 

56 

59 

63 

66 

69 

73 

76 

79 


4:15 146 
4:30 156 
4:45 188 
5:00 247 
5:15 288 
5 30 302 
5:45 310 
6:00 316 
6:15 321 
6:30 326 
6:45 331 
7:60 337 
7:15 344 
7:30 352 
7:45 2 
8:00 13 
8:15 28 
3-30 44 
8:45 62 


82 

85 

37 

38 

86 
34 
81 
79 
76 
74 
72 
69 

65 


57 

50 

36 

11 


table 4. Tracking dynamics 
showing satellite azimuth and 
elevation as functions of time. 
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appendix 

The derivation of the equations is covered in the ref¬ 
erences, but there are several points of interest. Fig. 
A1 is a view perpendicular to the plane of an elliptic 
orbit. The earth is at one focus, F, and the satellite at 
position S. Also shown are the apogee, v4;perigee, 
P; one-half major axis, a; and one-half minor axis, b. 



A circle has been constructed with center, 0, 
bisecting AP, and with radius a. Angle E is identified 
as the elliptic anomaly, and T is the true anomaly. 
Both E and T are related to the mean anomaly, M 
(see eqs. A1 and A3). 

The problem to be solved (sometimes called the 
Kepler problem) is to find E, given At (the time of 
flight from S to A). With E known r can be found 
from eq. A3, and the satellite position with respect 
to the earth is then established. 

We start the solution by approximating the value 
for E, calculating M', and generating an error term, 
E' is formed and checked in eq. A2 to see if the 
error term has been reduced to zero. If not, return to 
eq. A1, substituting E' for E, and repeat the pro¬ 
cess. Only four or five iterations are necessary for an 
accuracy of 1 part in one million. 

X 0 is commonly called the longitude of the ascend¬ 
ing node. It is derived from the argument of perigee, 
0. The location of the subsatellite point is given by la¬ 
titude 6s, and the longitude, X?. Rs is the instantane¬ 
ous satellite distance from the center of the earth. 
The maximum range is an arc on the surface of the 
earth from the subsatellite point to a location where 
the satellite elevation drops to zero. 
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fact: 

armchair copy 
begins here 


additional definitions: 

Ps = period of % orbit 
e = eccentricity 
i = inclination 
ft = argument of perigee 
\ref = longitude reference at apogee 
Re = radius of earth 

Rs = distance from earth center to satellite 
ft' = normalized gravitational constant 
Sg = ground station latitude 
\g = ground station longitude 


Let M = 7TI / — -p s \ in radians 


, W21SB W71JH KB9NR 
W31TG W7KHD W9BB 
K4CX4 N8AQW WB9VCI 
K4HCD K8ZYK N9MP 
N4CVV K8ZZO N9BHT 
K5RDP KB8GD W0JO 
W5UKS WB8SHV 4X4AN/W9 


l( you've been "reading the mail" on recent transmissions 
from the hams listed above, you've heard the kind of solid 
copy that rates a Q5 One reason is that they've recently 
switched to Shure s new 444D SSB/FM Base Station Micro¬ 
phone We've been getting glowing reports on the 444D's 
switch-selectable dual impedance feature which makes for 
compatibility and changeability from ng to rig; improved 
million-cycle PIT conlrol bar (with vox/normal switch and 
continuous-on capabilily); and its comprehensive all-new 
wiring guide. The cable leads are arranged to permit 
immediate hook-up to transmitters with either isolated or 
grounded switching. Ask the hams who own one! 

FREE 1 Amaleur Radio Microphone Selector Folder, 
ask for AL645. 

444D SSB/FM 
Base Station Microphone 


So = sin-1(-sin SI sin i) 
A.- SIGN (to) a--•(*%) 
Ss = sin ~ , (— sin (Cl + Fjsin i) 


Rs _ ti'(1 ~ e 2 )(Ps/r) in 


6 = cos ~ l [sin 6s sin Sg + cos Ss cos 6g cos (Ks — \g)] 
azimuth = cos-> ^ 

if sin (ks — kg) < 0, azimuth = 360 —azimuth 

. .. , /cos0-Re/Rs\ 

elevation = tan~> [ -- 


Slime Biolheis Inc.. 222 Hartley Ave, Evanston, II60204 
In Canada. A C Simmonds & Sons Limilcd 
Manufacturers ol high fidelity coniponenls. 
microphones, sound systems and related circuitry 


Note: SIGN(x) = - / if x is negative 
+ 1 if x is positive or 
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protection for your 

solid-state devices 


Fail-safe regulator 
for bench supply 
reduces mortality rate 


Many Amateur experimenters have learned from 
experience that active solid-state devices are not as 
forgiving as vacuum tubes. A 6L6 for example can 
absorb considerable abuse and keep right on work¬ 
ing; long ago we discovered we could avoid a cata¬ 
strophic failure by quickly switching off the power 
supply when the plate began to glow. 

Unfortunately, solid-state devices don't provide us 
with that opportunity. High-performance devices 
such as vhf or microwave transistors react quickly 
and violently when overloaded; the time required for 
a GASFET to destroy itself is considerably less than a 
microsecond. In view of the relatively high cost (and 
consequent scarcity) of these devices, it seems ap¬ 
propriate to attack the problem at the source — the 
power source. 

Accidents can and do happen. Consider a typical 
0-30 volt bench power supply adjusted to 10 volts 
output, connected to a transistor circuit for test. If 
the supply includes a large capacitor across its out¬ 
put terminals, it is a potential transistor killer. In the 
event we should inadvertently increase the output 
voltage (perhaps by bumping the knob), even though 
the power supply's current limiting mechanism 


should react properly to the ensuing overcurrent con¬ 
dition, the energy already stored in the output capac¬ 
itor can create a transient that may destroy the tran¬ 
sistor. 


built-in protection 

If a circuit employing a bipolar transistor is to be 
tested at known, fixed voltage and current, protec¬ 
tion can be built in. The single-stage transistor ampli¬ 
fier shown in fig. 1 is a typical example. An amplifier 
of this kind is essentially damage proof. 

general-purpose regulator 

A general-purpose bench power supply regulator 
is illustrated in fig. 2. This regulator is particularly 
useful when testing power amplifiers. It includes pro¬ 
visions for setting the maximum available voltage 
and current levels to desired safe values. In the cir¬ 
cuit shown, the 12-volt zener at the output is used as 
backup for the MOSFET shunt regulator. If the 
regulator should fail, the zener would limit the output 
to 12 volts. 

R1 sets the maximum available load power, which 
in this case is 1.011 watts: 


P 0 (max) = 


Pin ) 2 

4R1 


where E = 18. 7 (manufacturer's tolerance) 

R1 = 91-5percent (tolerance) 

P ° (maX) = 4&61J) = 1011wattS 

Note that this maximum power condition provides 
98.9 milliamperes and 9.0 volts. Any increase in load 


By Henry H. Cross, WIOOP, 111 Birds Hill 
Avenue, Needham, Massachusetts 02192 


52 Q1 march 1981 




current beyond this point will take the shunt regula¬ 
tor off-line, and the output voltage (and load power) 
will drop, as shown in fig. 3. The maximum current 
the regulator can supply is 198 milliamperes. 

To provide flexibility, the bench regulator should 
include provisions for changing R1.1 suggest that the 
control be located where it normally would be inac¬ 
cessible; this is insurance against accidentally chang¬ 
ing its value. In any event, avoid making R1 a front- 
panel control knob. 

You can adjust the transient response of the shunt 
regulator for minimum overshoot by selecting speci¬ 
fic values for Cl and R3. Use a telegraph key as a 
momentary shorting device while observing the out¬ 
put voltage on a high-speed oscilloscope. I used a 
combination of 180 ohms and a 0.01-pF capacitor for 
proper damping, but other supplies may require dif¬ 
ferent values. Also check the transient response 
when the power supply is turned on and off. R8 and 
C3 provide high-frequency feedback for stability. 

The bench power supply regulator also includes an 
adjustable 5-volt negative supply. A 741 op amp is 
included to provide good regulation; only a limited 
current capacity is needed. Gate bias should reduce 
(become less negative) in response to clockwise rota¬ 
tion of the control. Vd should increase with clock¬ 
wise control rotation. In either case, current in¬ 
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creases with clockwise rotation. With some addition¬ 
al effort, you may be able to adjust the control-circuit 
parameter values so that the output voltage and cur¬ 
rent match the dial readings. 

low-voltage regulators 

Lower power GASFETS generally require 5-50 milli- 
amperes at approximately 3 volts. It would be desir¬ 
able to use a 4-volt zener at the output in this case as 
backup for the shunt regulator; however, since 
zeners in this voltage range don't exhibit the sharp 
knees of higher voltage types, the regulator is in need 
of some other kind of protective device. 

Fig. 4 illustrates a crowbar circuit that can solve 
this problem. The circuit consists of a shunt SCR that 
fires when the regulator output voltage exceeds a 
preset value. The drop across the forward-conduct¬ 
ing SCR is about 0.8 volt, not small enough to turn 
the supply completely off, but low enough to provide 
a good measure of protection. 

An LM339 comparator functions as an open-loop 
op amp. R6 is adjusted so that the output will go low 
if the regulator output exceeds 3.1 volts. When this 
happens, the trigger voltage goes high, firing the 
SCR. Note that the anode sustaining current is about 
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| Reach Out! 

I just like adding a 10-watt amp 
to your 2-meter hand-held... 


• True % wave gain antenna 

• Dramatically boosts reception as well 

as transmit range 

• Individually tuned matching network 

• Base spring/tuned coil protects radio as 

well as antenna from accidents 

• Extends to 47", telescopes to only 8" 

• BNC connector fits most current hand¬ 

held and portable radios 

• Better than 1.5:1 VSWR across the 

entire 144-148 MHz band 

• Only $24.95 from your dealer or 

postpaid from VoCom^ ^ 

Ask about our 25.50 and tOO, matt amplifiers for hand-holds 

VoCom 

PRODUCTS CORPORATION 
65 E. Palatine Rd., Suite 111 
Prospect Heights, IL 60070 
(312) 459-3680 
_Dealer Inquiries Ir 



WANTED FOR CASH 




ARCH, ARC102. 01°/C102) 


4CX150 

4CX250 

4CX300A 

4CX350A 


4CX1000 

4CX1500 

4CX3000 

4CX5000 


Highest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106.ARC105, ARC112, ARC114, 
ARCH5, ARCH6, and some aircraft units also 
required. 

DCO, INC. 

10 Schuyler Avenue No. Arlington, N. J. 07032 

Call Toll Free (201) 998-4246 

800-526-1270 Evenings (201) 998-6475 



4CX10.000 4-65 4-250 4-1000 

5CX1500 4-125A 4-400 304TL 

Other tubes and Klystrons also wanted. 


5 milliamperes, and it might be less than what the 
FET is drawing; so we have to keep triggering it. 
Normally the current through R6 is pulled to ground 
through the associated forward conducting tran¬ 
sistor Q2. 

Another comparator compares the voltage across 
current-sensing resistor R2 against a bucking 
voltage. When the preset current limit is exceeded, 
the SCR triggers. R5 is the current-limit control. 

Both comparators are operated from a single pow¬ 
er supply, with the GND terminals grounded. Under 
this condition, operation may become erratic if any 
of the op amp inputs go below ground by more than 
0.5 volt. To avoid a possible problem here, the 
HP2800diodeand 510-ohm resistor should beincluded 
as shown. 

The current meters are located across terminals 
b-c, after the crowbar (for obvious reasons). If the 
crowbar circuit should fire, the output voltage will 
drop to some value less than 1 volt, and the current 
will fall to a low value. To reset the regulator, turn off 
both power supplies, wait one second or longer, and 
turn them back on again. Note that the order in 
which the supplies are turned on or off is unimpor¬ 
tant because, if the negative voltage is lacking, the 
positive voltage will not come on. 

If a double-pole, single-throw toggle switch were 
connected between the regulated input voltages and 
the regulator, it would function as a RESET control. 
This is indicated at the left in fig. 4. The reset 
switches are normally closed. 

The circuits of figs. 2 and 4 also include LEDs, 
which indicate that each power supply is ON. An¬ 
other LED indicates that the overcurrent circuit has 
tripped. When not otherwise indicated, the transis¬ 
tors are 2N3904 or 2N2222s. The comparators are 
LM339, 393, 2901, or 2903s. 

summary 

Power supplies used for experimental purposes 
should be equipped with fail-safe regulators, in¬ 
cluding: 

1. Reverse voltage protection 

2. Overvoltage protection 

3. Thermal runaway protection 

4. Limited available power 

Regulators should be equipped with limit controls 
on output voltage and current. (Limit controls should 
not be confused with adjustments.) Shunt-type reg¬ 
ulators can be power limited and stable without 
requiring a large energy-storing, transistor-killing 
capacitor across the output terminals. Simple elec¬ 
tronic biasing circuits are generally best. 

ham radio 


56 S3 march 1981 



Questions and Answers 


Entries must be by letter or post card only. No telephone requests 
will be accepted. All entries will be acknowledged when received. 
Those judged to be most informative to the most Amateurs will be 
published. Questions must relate to Amateur Radio. 

Readers are invited to send a card with the question they fedl is 
most useful that appears in each issue. Each month's winner will 
receive a prize. We will give a prize for the most popular question of 
the year. In the case of two or more questions on the same subject, 
the one arriving the earliest will be used. 


congratulations to... 

WD5GMF, for his question about 
decibels (dB) in the September, 1980, 
issue of Ham Radio Horizons. Several 
readers commented on the useful¬ 
ness of that question and the answer 
given. The subject of dB has mysti¬ 
fied thousands of Amateurs and still 
shows up in discussions of electron¬ 
ics theory and in an exam question 
now and then. Thanks to WD5GMF 
for asking the question and thanks to 
those of you who took the time to 
comment. 

narrow-band 
voice modulation 

Please explain the narrow-band 
voice modulation system now being 
used by some Amateurs. Paul 
Drunen, KA4CMZ. 

This modulation system is being 
tried in both Amateur and commer¬ 
cial radio circles, with the expectation 
that it will allow more signals per 
band, or permit closer spacing of 
channelized communications such as 
vhf business, police, and aircraft. The 
principle of operation is to carefully 
shape the audio from the microphone 
by slicing it into essential segments, 
then processing those segments 
before they reach the modulator. 

There are several natural gaps in 
speech; some of these gaps are 


essential and some are not. One non- 
essential gap occurs between approx¬ 
imately 600 and 1,000 Hz. Speech 
sounds below 600 Hz are essential 
and preserved. Sounds above approx¬ 
imately 1,500 Hz up to 2,500 or 3,000, 
are essential and are likewise pre¬ 
served. There are small gaps in this 
high range, and they, too, are essen¬ 
tial for the understanding of speech, 
thus are preserved along with the 
sounds. 

The sounds below 600 Hz are 
transmitted as is, but those in the 
upper band of 1,500-2,500 Hz are 
inverted and shifted lower in frequen¬ 
cy, then combined with the low 
(250-600 Hz) audio, and fed to the 
modulator. This process not only 
closes the non-essential gap just 
above 600 Hz, but also reduces the 
total width of the audio signal to 
something like 250-1,600 Hz (there is 
an optional system that provides up 
to 2,100-Hz width if desired). 

Additionally, the audio signal is 
processed for more nearly constant 
amplitude in the transmitter (com¬ 
pressed), and then expanded in the 
receiver, in a process called com- 
pandoring. 

The modified audio must be fed 
through a special circuit in the 
receiver to eliminate the processing, 
which restores the proper gap and 
turns the audio "right-side-up." 

At this time, the system uses sever¬ 


al specialized ICs in the transmitter 
and receiver. It is undergoing many 
tests and evaluations of effectiveness 
for Amateur and commercial use. 

recommended reading 

Harris, R.W., and Gorski, J.C., "A 
New Era Voice Communications," 
QST, December, 1977, Harris, R.W., 
and Cleveland, J.F., "A Baseband 
Communications System,” QST, 
November, 1978 (part 1), and Decem¬ 
ber, 1978 (part 2). Also, The Radio 
Amateur's Handbook, 57th edition, 
1980, ARRL, Newington, Connecti¬ 
cut 06111, Chapter 14. 

USB, LSB, or DSB? 

Would you please explain the dif¬ 
ference between USB, LSB, and 
Double Sideband. Stephen Serio. 

Fig. 1 will help you understand 
these three modes of voice communi¬ 
cation, and how they got that way. 
At A, you see an ordinary amplitude- 
modulated carrier, abbreviated a-m. 
It is a natural outcome of the process 
of modulating an rf signal with a 
voice signal. It is made up of a carrier 
and two sidebands, one above and 
one below the carrier. 

If the modulation takes place in a 
balanced modulator, the carrier is bal¬ 
anced out (nulled), and the result is 
two sidebands with no carrier, B. 
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The next step is to filter out the un¬ 
wanted sideband by a mechanical or 
crystal filter that passes only the side¬ 
band you want, C. To obtain the 
other sideband, you could use another 
filter to pass that one and reject the 
unwanted one. However, that's too 
expensive. 

A simpler, and less-expensive way, 
is to change the frequency of the 
crystal that supplied the carrier for 
the modulator in the first place. Thus 
you simply shift the unwanted side¬ 
band to the other side of the filter's 
window, as shown at D. 

To properly receive SSB, you only 
have to duplicate the frequency of 



the carrier oscillator, and place it on 
the correct side of the sideband you 
want to hear, which will duplicate the 
original a-m signal minus one side¬ 
band. 

final protection 

I've used an SWR meter with 
various antenna tuners, and have 
managed to load up many types of 
antennas, such as random lengths of 
wire, zipcord, window screens, and 
fences. Results have often been sur¬ 
prisingly good. Can I be confident 
that a load somewhere near 50 ohms 
is presented to my transmitter, when 
it works okay, and the SWR reads 
below 2:1? / don’t want to damage 
the final stage on my Argonaut. John 
F. Leahy, WB6CKN. 

The only time you can be reason¬ 
ably sure that your transmitter is 
working into 50 ohms is when the 
reading on your SWR meter is 1:1. At 
any reading higher than this, the 
impedance at the transmitter is some¬ 
thing else. The reading might be 
1.5:1,1.8:1, or 2:1 at the SWR meter, 
but what is it at the end of the piece 
of coax that connects to the transmit¬ 
ter? The apparent SWR changes with 
the length of the coax, and can be 
something entirely different a few 
feet down the line from the meter. 
Try setting up your tuner for a 2:1 
reading on 10 meters. Don't touch 
any tuning controls, and add a 5-foot 
(1.5-meter) piece of coax between 
the tuner and the SWR meter. It will 
probably read something other than 
2 : 1 . 

As to how your transmitter likes 
this sort of treatment, if it puts out 
reasonable power without overheat¬ 
ing, there's no problem. Ten-Tec 
says that the output transistors are 
rugged enough to withstand an open 
or short circuit (but, of course, long¬ 
term operation with a very high SWR 
is not recommended), thus an SWR 
of 2:1 doesn't present any real 
danger. 

velocity factor 

What is velocity factor? I’ve seen it 


in various antenna articles but 
haven't yet found a good definition. 
Richard Anderson. 

Velocity factor is a property of 
transmission lines that must be taken 
into account when calculating the 
physical length of a tuned line or a 
matching transformer made from the 
line. The velocity of a radio wave 
traveling down the line is less than in 
free space. It varies from about 0.65 
for polyethylene-dielectric coaxial 
cables to 0.975 for open-wire (air 
dielectric) transmission lines. 

efficiency 

I’ve read about antenna tuners and 
Transmatches in several publications, 
but nothing is mentioned about their 
efficiency. I’ve noticed that most gear 
is fisted at 50-70 per cent efficiency, 
so can / assume that with 100 watts 
dc input into a Transmatch that I’ll 
get 50 to 75 watts output? S. 
Capasso, KA1ETB. 

First of all, you don't run dc input 
to a Transmatch or antenna tuner. Dc 
input numbers refer only to amplifiers 
or the final stage of a transmitter. A 
good linear amplifier, as used for 
SSB, would work at 40 to 60 per cent 
efficiency, and a class-C amplifier (for 
CW or fm) can sometimes get up to 
70 per cent. 

However, the efficiency of a pas¬ 
sive device such as an antenna tuner 
is determined by the losses of the 
wire in its coils and the material in the 
toroid (if any). A good antenna tuner 
with air-wound coils will have very lit¬ 
tle loss — 5 per cent or less. Using a 
toroidal balun transformer can intro¬ 
duce more losses, depending on the 
material used and the frequency of 
operation, anywhere from 10 to 40 
per cent. Sometimes you have to ac¬ 
cept these losses to use an uncon¬ 
ventional antenna, or to use one 
antenna on more than one band. It's 
better if you can design your antenna 
for an input impedance of 50 ohms, 
and do without the antenna tuner, if 
at all possible. 

ham radio 
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transmission-line circuit design 


Using distributed resonant 
circuits for VHF/UHF 
transmission lines 

This is part 4 of a 5-part article dealing with the 
design of resonant transmission lines. In part 1, 
which appeared in ham radio for November, 1980, I 
presented the governing expressions for calculating 
the parameters for twelve transmission-line configu¬ 
rations. Programs were given using the HP-97 printer 
capability. 

Parts 2 and 3 discussed the geometry and present¬ 
ed the calculator programs for solving the equations 
for eight of the twelve line configurations: coaxial 
lines; parallel plates; parallel wires in air; single wire 
over a plane [ham radio, January, 1981); circular wire 
between planes; parallel wires over a plane; circular 
wire in an open trough; parallel wires between 
planes/rectangular box [hamradio, February, 1981). 

In this part of the article, the last four of the twelve 
line configurations are examined: circular wire in a 
square shield; stripline over a plane; stripline 
centered between parallel planes; and the helical 
resonator. Part 5 will provide a summary of what has 
been discussed and show a design example for a 2- 
meter amplifier. 


circular wire in 
a square shield 

This is not a usual configuration encountered or 
designed, because the square cavity configuration 
imposes complexities due to its geometry. However, 
it is often chosen in the design of production filters 
and diplexers because dip-braze techniques can be 
readily used, mitigating other difficulties. The formu¬ 
lation yielding Z 0 (reference 5) is: 

**r 1 ' ,41 ' 

where Z 0 = transmission-line impedance (ohms) 
e r = dielectric constant 
v) = width of each side 
d = diameter of center conductor 



Fig. 18 shows Z 0 versus w/d for common values. 
Table 35 is the HP-67/97 program for calculating the 
unknown from the known variables. Table 36 identi¬ 
fies the storage registers used. Table 37 shows how 
the program is controlled. 


table 35. HP-67/97 program for calculating Z 0 and w/d for a 
wire in a square shield: 


step 

HP-97 

key 

HP-97 

code 

step 

HP-97 

HP-97 

00 1 

*LBLA 

27 77 

036 

ST05 

35 US 

002 

STOO 

35 00 

037 

5 

05 

008 

•Jx 

54 

038 

9 

09 

004 

STOI 

35 07 

039 


-62 

008 

RTN 

24 

040 

9 

09 

008 

'LBLB 

27 72 

047 

6 

06 

007 

ST02 

35 02 

042 

+ 

-24 

008 

R l 

-37 

043 

RCL1 

36 an 

008 

ST03 

35 03 

044 

X = 0? 

16-43 

070 

RCL2 

3602 

045 

GSB8 

2308 

07 7 

+ 

-24 

046 

x 

-35 

072 

ST04 

35 04 

047 

e» 

33 

073 

* LBL1 

27 07 

048 

1 

07 

074 

1 

07 

049 


-62 

075 


-62 

050 

0 

00 

076 

0 

00 

057 

7 

07 

07 7 

7 

07 

052 

8 

08 

078 

8 

08 

053 

7 

07 

079 

7 

07 

054 

+ 

-24 

020 

X 

-35 

055 

ST04 

35 04 

027 

LN 

32 

056 

RIS 

57 

022 

5 

05 

057 

*LBLD 

27 74 

023 

9 

09 

058 

ST04 

35 04 

024 


-62 

059 

GTOI 

22 07 

025 

9 

09 

060 

'LBL9 

27 09 

026 

6 

06 

067 

1 

07 

027 

X 

-35 

062 

STOI 

35 07 

028 

ST06 

35 06 

063 

RCL6 

36 06 

029 

RCL1 

36 07 

064 

RCL1 

3607 

030 

X = 0? 

76-43 

065 

RTN 

24 

037 

GSB9 

2309 1 

066 

'LBL8 

27 08 

032 

+ 

-24 

067 

1 

07 

033 

stos 

35 05 

068 

STOI 

3507 

034 

R/S 

57 

069 

RTN 

24 

035 

*LBLC 

27 73 

070 

R/S 

57 


■ 

By H.M. Meyer, Jr., W6GGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
90274 
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table 37. HP-67/97 program control for calculating Z 0 and 
w/d for a wire in a square shield: 



tion by S.B. Cohn (reference 6! was subsequently 
followed by M.V. Schneider (reference 7). The most 
accurate formulation known is by H.A. Wheeler (ref¬ 
erence 3), and that is used here. 

Table 38 identifies the method for calculating strip 
width, w, with h, t, Z 0 , and e r known. The formula¬ 
tions from reference 3 are:* 



w = w' - Ait)' (45) 


For the calculation of line Z 0 the method in table 39 
is used. The formulations from reference 3 are: 



w' = w + Aw' (48) 



table 38. Method of calculating strip width: 

1. Specify h, t, Z 0 , and e, (from fig. 1 Kl. 

2. Determine w/h (from eq. 42 — yields w' ). 

3. Determine Aw (from eq. 431. 

4. Determine Am' (from eq. 441. 

5. Determine w (from eq. 45). 


stripline 
over a plane 



This is perhaps one of the 


more useful 


transmission line configurations presently in use. Its 
applications are primarily stimulated by solid-state 
technology and the subsequent extensive use of 
microwave integrated circuits. One original formula- 


table 39. Method of calculating line Z„: 
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table 40. HP-67/97 program for calculating tuandZ 0 for a striplina over a plana: 


step 

HP-97 

key 

HP-97 

step 

HP-97 

HP-97 

step 

HP-97 

key 

HP-97 

step 

HP-97 

key 

HP-97 

007 

*LBLA 

21 11 

056 

ST09 

3509 

111 

* LBL2 

2102 

166 

7 

07 

002 

STOO 

3500 

057 

RCL1 

3601 

112 

RCL4 

3604 

167 

4 

04 

m 

RTN 

24 

058 

1IX 

52 

113 

RCL3 

3603 

168 

+ 

-55 

004 

*LBLB 

21 12 

059 

1 

01 

114 

-s- 

-24 

169 

7 

01 

005 

STOI 

3501 

060 

+ 

-55 

115 

1 

01 

170 

7 

01 

006 

RTN 

24 

061 


-62 

116 


-62 

171 

+ 

-24 

W7 

*LBLC 

21 13 

062 

8 

08 

117 

1 

01 

172 

X 2 

53 

008 

ST02 

35 02 

063 

1 

01 

118 

+ 

-55 

173 

RCL8 

36 08 

009 

RTN 

24 

064 

-s- 

-24 

119 

PI 

16-24 

174 

4 

04 

010 

*LBLD 

21 14 

065 

RCL8 

36 08 

120 

x 

-35 

175 

X 

-35 

Oil 

ST03 

35 03 

066 

+ 

-55 

121 

1IX 

52 

176 

X 2 

53 

012 

RTN 

24 

067 

sfX 

54 

122 

X 2 

53 

177 

x 

-35 

013 

"LBLE 

21 15 

068 

RCL7 

3607 

123 

ST07 

35 07 

178 

RCL7 

3607 

014 

ST04 

3504 

069 

-r 

-24 

124 

RCL3 

3603 

179 

+ 

-55 

016 

RTN 

24 

070 

8 

09 

125 

RCL2 

3602 

180 

Vx 

54 

016 

'LBLa 

21 1611 

071 

X 

-35 

126 

+ 

-24 

181 

ST07 

35 07 

017 

STOI 

35 46 

072 

ST06 

3506 

127 

X 2 

53 

182 

8 

08 

018 

GSB; 

2345 

073 

RCL2 

36 02 

128 

RCL7 

3607 

183 

RCL1 

3601 

019 

* LBL9 

2109 

074 

X 

-35 

129 

+ 

-55 

184 

+ 

-24 

020 

RCL1 

3601 

075 

STOC 

3513 

130 

Vx 

54 

185 

7 

01 

021 

1IX 

52 

076 

RCL3 

36 03 

131 

r/x 

52 

186 

4 

04 

022 

1 

01 

077 

-■- 

-24 

132 

i 

01 

187 

+ 

-55 

023 

+ 

-55 

078 


-62 

133 

ex 

33 

188 

7 

01 

024 

2 

02 

079 

2 

02 

134 

X 

-35 

189 

7 

01 

025 

-r 

-24 

080 

6 

06 

135 

4 

04 

190 

+■ 

-24 

026 

RCL5 

3605 

081 

- 

-45 

136 

X 

-35 

191 

RCL8 

3608 

027 

X 

-35 

082 

Pi 

16-24 

137 

LN 

32 

192 

4 

04 

028 

STOA 

35 11 

083 

X 

-35 

138 

Pi 

16-24 

193 

X 

-35 

029 

RTN 

24 

084 

1IX 

52 

139 

1IX 

52 

194 

X 

-35 

030 

* LBL1 

2101 

085 

X 2 

53 

140 

x 

-35 

195 

RCL7 

3607 

031 

RCL1 

3601 

086 

RCL3 

3603 

141 

STOB 

3512 

196 

+ 

-55 

032 

1 

01 

087 

RCL2 

3602 

142 

RCL3 

3603 

197 

RCL8 

3608 

033 

+ 

-55 

088 


-24 

143 

x 

-35 

198 

4 

04 

034 

Vx 

54 

089 

X 2 

53 

144 

ST05 

3505 

199 

X 

-35 

035 

RCLO 

3600 

090 

+ 

-55 

145 

GSB9 

2309 

2m 

X 

-35 

036 

X 

-35 

091 

Vx 

54 

146 

RCL4 

3604 

207 

1 

01 

037 

4 

04 

092 

1IX 

52 

147 

+ 

-55 

202 

+ 

-55 

038 

2 

02 

093 

4 

04 

148 

STOC 

3513 

203 

LN 

32 

039 


-62 

094 

x 

-35 

149 

RCL1 

3601 

204 

ST07 

35 07 

040 

4 

04 

095 

1 

01 

150 

1IX 

52 

205 

RCL1 

3601 

041 

+ 

-24 

096 

ex 

33 

151 

1 

01 

1206 

1 

01 

042 

e* 

33 

097 

X 

-35 

152 

+ 

-55 

207 

+ 

-55 

043 

1 

01 

098 

LN 

32 

153 

2 

02 

208 

Vx 

54 

044 

_ 

-45 

099 

PI 

16-24 

154 

+ 

-24 

209 

11X 

52 

045 

ST07 

3507 

100 

■t- 

-24 

155 

Pi 

16-24 

270 

4 

04 

046 

4 

04 

101 

ST09 

35 09 

156 

X 2 

53 

277 

2 

02 

047 

RCL1 

3601 

102 

RCL3 

36 03 

157 

X 

-35 

272 


-62 

048 

+ 

-24 

103 

x 

-35 

158 

ST07 

3507 

273 

4 

04 

049 

7 

07 

104 

ST05 

3505 

159 

RCL2 

3602 

214 

X 

-35 

050 

+ 

-55 

105 

GSB9 

2309 

160 

RCLC 

3613 

215 

RCL7 

3607 

051 

1 

01 

106 

CHS 

-22 

161 

+ 

-24 

216 

X 

-35 

052 

1 

01 

107 

RCLC 

3613 

162 

sroe 

3508 

217 

STOO 

35 00 

053 

+ 

-24 

108 

+ 

-55 

163 

8 

08 

218 Ribs 

57 

054 

RCL7 

3607 

109 

ST04 

3504 

164 

RCL1 

3601 




055 

* 

-35 

110 

R/S 

51 

165 


-24 





66 03 march 1981 




Table 40 is the HP-67/97 program used to calcu¬ 
late Z 0 and w. Table 41 identifies the storage regis¬ 
ters used, and table 42 describes how the program is 
controlled. 

A sample problem might readily explain how the 
program is used. Enter line Z 0 , 50 ohms; dielectric 
constant, e r , 2.5; height, h, 1.0 mm; and thickness, t, 
0.1 mm. Calculate the stripline width as indicated in 
table 42, w = 2.7038 mm. Using this value for w, cal¬ 
culate Zo from the same parameters, Zo= 49.9974 

table 41. Register contents for HP-67/97 program for 
calculating w and Z 0 for a stripline over a plane: 


STOO Z 0 
ST01 * 

ST02 h 
ST03 t 
ST04 w 
STO 5 Aw 

STO 6 w'/h 


STO 7 INTERIM 

STO 8 INTERIM 

STO 9 Aw/h 

STO A Aw' 

STO B Aw/t 

STO C w' 

STO D h/w' 


table 42. HP-67/97 program control for calculating w and Z g 
for a stripline over a plane: 


(Enter any four of the above; select one of the following| 



fig. 19. Z 0 versus w/h for selected values of t/k for a strip¬ 
line over a plana, e r = 1. 


ohms, which is in good agreement with the originally 
specified 50ohms.* 


table 43. Values of Z 0 for w/h versus t/h for various values of 



•Reference 3 sample problem is the same as that presented here, but the 
result tor w is given as 2.75 mm. Since the reverse procedure here produces 
a Z 0 of 49.9974 ohms, which is in good agreement with the initial value of 50 
ohmsspecified, perhaps a typographical error accounts for this discrepancy. 
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The HP-67/97 program was written in this manner 
to provide a built-in self-check. No graphs are provid¬ 
ed for this configuration except for t r = l in fig. 19. 
This is because their number is too numerous to pre¬ 
sent all of the variables. Table 43, for which the 
value of Zo is given for useful values of w/h versus 
t/h, also provides for values of e r of 1, 4, 8, 12, and 
16. From these data additional graphs can be pre¬ 
pared covering specific ranges of interest. 


When it is desired to calculate Z 0 with h, t, w, and 
t r known, the method is described in table 45. The 
formulation used to calculate Z 0 is: 



stripline centered 
between parallel planes 



Previously, the impedance of a stripline centered 
between parallel planes could be determined only 
from the work published in reference 6 and a 
subsequent distillation in reference 4. However, H.A. 
Wheeler, in 1978 (reference 2), provided an empiri¬ 
cally derived formulation permitting direct synthesis 
with excellent accuracy. This is done in much the 
same way as for a stripline over a plane previously 
discussed. 



v/_ 1± yl(e** r -l) +1.568 (51) 

h v (e** T -1) 

w = w'-w (52) 





(53) 

(54) 


w' — w + Aw (56) 



table 44. Method of calculating stripline width: 

1. Specify and t r . 

2. Determine (from eq. 501. 

3. Determine 1 T (from eq. 511. 

4. Determine w (from eq. 521. 

table 45. Method of calculating stripline 1 0 \ 

1. Determine Aw (from eq. 55). 

2. Determines' (from eq. 56). 

3. Determine Z 0 (from eq. 57). 


where m is defined in eq. 54. 

Table 46 is an HP-67/97 program for calculating Z 0 
and w. Table 47 identifies the storage registers used, 
andtable48 describes how the program is controlled. 

A sample problem was run using Zo=‘50, t r =l, 
h = l, and t = 0.0625. The w yielded was 2.7687. The 
reverse was run using the w just calculated. The re¬ 
suiting Z 0 was 51.31, which is within the limits des¬ 
cribed in reference 2. 

Fig. 20 displays w/h versus various values of t/h 
and the resulting Z 0 for e T = l; that is, air. Table 49 
provides the same data for various values of t r , 
which are not plotted. 
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table 46. HP-67/97 program for calculating w and Z„for a stripline between ground planes: 


step 

HP-97 

key 

HP-97 

code 

step 

HP-97 

key 

HP-97 

code 

step 

HP-97 

HP-97 

step 

HP-97 

key 

HP-97 

ooi 

*LBLA 

21 11 

052 


-24 

103 

R/S 

51 

154 

ST09 

3509 

m 

STOO 

35 00 

053 

1 

01 

104 

* LBL9 

2109 

155 

1 

01 

003 

RTN 

24 

054 

6 

06 

105 

RCL5 

360 5 

156 

6 

06 

004 

*LBLB 

21 12 

055 

X 

-35 

106 

3 

03 

157 

Pi 

16-24 

005 

DSP4 

-6304 

056 

Pi 

16-24 

107 

+ 

-55 

158 

+ 

-24 

006 

Vx 

54 

057 

+ 

-24 

108 

1/X 

52 

159 

RCL3 

3603 

007 

STOI 

35 01 

058 

ST08 

35 08 

109 

6 

06 

160 

X 

-35 

008 

RTN 

24 

059 

RCL3 

3603 

110 

x 

-35 

161 

RCL9 

36 09 

009 

* LBL8 

2108 

060 

X 

-35 

111 

ST06 

35 06 

162 

+ 

-24 

010 

RCLO 

3600 

061 

ST09 

35 09 

112 

RTN 

24 

163 

X* 

53 

Oil 

X 

-35 

062 

RCL4 

36 04 

113 

'LBL2 

21 US 

164 

6 

06 

012 

3 

03 

063 

+ 

-24 

114 

RCL8 

3613 

165 


-62 

013 

7 

07 

064 


-62 

115 

RCL4 

36 04 

166 

2 

02 

014 

7 

07 

065 

2 

02 

116 

+ 

-24 

167 

7 

07 

015 

+ 

-24 

066 

6 

06 

117 

1 

01 

168 

+ 

-55 

016 

ST02 

35 OS 

067 

- 

-45 

118 


-62 

169 

n/X 

54 

017 

RTN 

24 

068 

Pi 

16-24 

119 

1 

01 

170 

STOA 

3511 

018 

*LBLC 

21 13 

069 

4 

04 

120 

- 

-55 

171 

RCL3 

3603 

019 

ST03 

3503 

070 

X 

-35 

121 

Pi 

16-24 

172 

RCL9 

3609 

020 

RTN 

24 

071 

X 

-35 

122 

4 

04 

173 

+ 

-24 

021 

*LBLD 

21 14 

072 

1/X 

52 

123 

X 

-35 

174 

STOE 

3515 

022 

ST04 

3504 

073 

RCL6 

3606 

124 

1/X 

52 

175 

1 

01 

m 

RCL3 

3603 

074 

Y x 

31 

125 

GSB9 

2309 

176 

6 

06 

024 

+ 

-24 

075 

STOA 

35 11 

126 

RCL6 

3606 

177 

Pi 

16-24 

025 

ST05 

3505 

076 

RCL3 

3603 

127 

yx 

31 

178 

+ 

-24 

026 

GSB9 

2309 

077 

4 

04 

128 

STOA 

3511 

179 

X 

-35 

027 

R/S 

51 

078 

X 

-35 

129 

RCL3 

3603 

180 

RCLA 

3611 

028 

* LBLa 

21 1611 

079 

RCL4 

3604 

130 

4 

04 

181 

+ 

-55 

029 

STOI 

3546 

080 

-i- 

-24 

131 

X 

-35 

182 

STOA 

3511 

030 

GSB1 

2345 

081 

1 

01 

132 

RCL4 

3604 

183 

RCLE 

36 15 

031 

*LBLE 

21 15 

082 

+ 

-55 

133 

-*- 

-24 

184 

1 

01 

032 

STOC 

35 13 

083 

1IX 

52 

134 

1 

01 

185 

6 

06 

033 

RTN 

24 

084 

X2 

S3 

135 

+ 

-55 

186 

Pi 

16-24 

034 

* LBL1 

21 01 

085 

RCLA 

3611 

136 

1/X 

52 

187 

+ 

-24 

035 

GSB8 

2308 

086 

+ 

-55 

137 

X 2 

53 

188 

X 

-35 

036 

Pi 

16-24 

087 

\/x 

54 

138 

RCLA 

3611 

189 

2 

02 

037 

4 

04 

088 

1/X 

52 

139 

+ 

-55 

190 

+ 

-24 

038 

X 

-35 

089 

1 

01 

140 

Vx 

54 

191 

RCLA 

3611 

039 

X 

-35 

090 

e x 

33 

141 

1/X 

52 

192 

X 

-35 

040 

e* 

33 

091 

X 

-35 

142 

1 

01 

193 

1 

01 

041 

1 

01 

092 

LN 

32 

143 

ex 

33 

194 

+ 

-55 

042 

- 

-45 

093 

Pi 

16-24 

144 

X 

-35 

195 

LN 

32 

043 

ST07 

35 07 

094 

+ 

-24 

145 

LN 

32 

196 

3 

03 

044 

1 

01 

095 

STOB 

3512 

146 

Pi 

16-24 

197 

0 

00 

045 


-62 

096 

RCL4 

36 04 

147 

+ 

-24 

198 

X 

-35 

046 

5 

05 

097 

X 

-35 

148 

STOB 

3512 

199 

RCL1 

3601 

047 

6 

06 

098 

STOC 

3513 

149 

RCL4 

3604 

200 

+ 

-24 

048 

8 

08 

099 

CHS 

-22 

150 

X 

-35 

201 

STOO 

3500 

049 

+ 

-55 

100 

RCL9 

3609 

151 

STOD 

3514 

202 

R/S 

51 

050 

Vx" 

54 

101 

+ 

-55 

152 

RCLC 

3613 




051 

RCL7 

3607 

102 

STOD 

3514 

153 

+ 

-55 
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table 47. Register contents for HP-67/97 program for 
calculating u and Z„for stripllne between ground planes: 


sroo 

Z„ 

STO 8 

tv'/h 

STO 1 


STO 9 

tv' 

STO 2 

r 

STO A 

INTERIM CALC 

STO 3 

h 

STO B 

iSw/t 

STO 4 

t 

STOC 

W 

STO 5 

t/h 

STOD 

Aw 

STO 6 
STO 7 


STOE 

h/w' 


table 48. HP-67/97 program control for calculating w and Z„ 
for a stripllne between ground planes: 



helical resonator 



Helical resonators are a form of transmission line 
extensively used in vhf/uhf applications. The major 
advantage is high unloaded Qin a very small physical 
space, thus permitting the realization of compact fil¬ 
ters in this frequency spectrum. 

Using the reasonably accurate, simple formulation 
presented in references 4 and 8, an HP-67/97 pro¬ 
gram was written permitting the design to be realized. 
Reference 9 provides a detailed design procedure 
and analysis. 

The helical resonator configuration is shown in fig. 
21. The method for calculating the desired dimen¬ 
sions is given in table SO. The detailed program steps 
are shown in table 51 with the storage-register con¬ 
tents identified in table S2. Program control is shown 
in table 53. 

A sample problem was run. The line Z 0 was speci¬ 
fied at 70 ohms at 144 MHz, and all the resonator 
parameters were determined : D = 0.97 inch, d = 0.33 



STO 1 

z 0 


STO 2 

F 

table 62. Register contents 

STO 3 

D 

for HP-67/97 program for 


d 

calculating helical-resona- 



tor parameters. 

STO 6 



STO 7 

Qji circular 


STO 8 

Qji square 


STO 9 

PITCH 


inch, L = 1.46 inches, n = 13.37 turns, Qji cir¬ 
cular = 383, and Qjs square = 700. Where square and 
circular, refer to the outside cavity configuration. 


table 49. Values of Z 0 for w/h versus t/h for various values of 
e, for a stripllne between parallel planes: 
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table 51. HP-67/97 program for calculating helical resonator 
parameters: 


step 

HP-97 

key 

HP-97 

code 


HP-97 

key 

HP-97 

code 

001 

*LBLA 

21 11 

041 

X 

-35 

m 

STOI 

3501 

042 

7/X 

52 

m 

RTN 

24 

043 

7 

01 

m 

*LBLB 

21 12 

044 

9 

09 

005 

ST02 

3502 

045 

0 

00 

005 

RTN 

24 

046 

0 

00 

007 

*LBLa 

21 1611 

047 

X 

-35 

008 

STOI 

3546 

048 

ST06 

3606 

009 

GSB1 

23 45 

049 

R/S 

51 

070 

* LBL1 

2101 

050 

*LBL5 

2105 

077 

RCL1 

3601 

051 

RCL2 

36 02 

072 

RCL2 

3602 

052 

Vx 

54 

073 

X 

-35 

053 

RCL3 

36 03 

074 

1IX 

52 

054 

x 

-35 

075 

9 

09 

055 

5 

05 

076 

8 

08 

056 

0 

00 

077 

0 

00 

057 

x 

-35 

018 

0 

00 

058 

ST07 

35 07 

019 

X 

-35 

059 

R/S 

57 

020 

ST03 

3503 

060 

* LBL6 

2106 

021 

R/S 

51 

061 

RCL7 

3607 

022 

-LBL2 

2102 

062 

1 

01 

023 

RCL3 

3603 

063 


-62 

024 


-62 

064 

2 

02 

025 

5 

05 

065 

x 

-35 

026 

5 

05 

066 

ST08 

3508 

027 

X 

-35 

067 

R/S 

57 

028 

ST04 

3504 

068 

'LBL7 

2107 

029 

RIS 

51 

069 

RCL3 

3603 

030 

* LBL3 

2103 

070 

X* 

53 

031 

RCL3 

3603 

071 

RCL2 

3602 

032 

1 

01 

072 

x 

-35 

033 


-62 

073 

2 

02 

034 

5 

05 

074 

3 

03 

035 

X 

-35 

075 

0 

00 

036 

ST05 

3505 

076 

0 

00 

037 

RIS 

51 

077 

+ 

-24 

038 

* LBL4 

2104 

078 

ST09 

3509 

039 

040 

RCL2 

RCL3 

3602 

3603 

079 

R/S 

51 
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enter Z Q 

press A 

enter F MHz 

press B 

Enter both of the above; select one of the following parameters: 

D 

press 1 

d 

press 2 

L 

press 3 

n 

press 4 

Qji circular 

press 5 

Qji square 

press 6 

Pitch 

and press fa. 

press 7 
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the weekender 



add fm to your receiver 

The fm mode of operation has been around for a 
long while, but not until the two-meter rage had it 
been used extensively for Amateur communications. 
Fm has become commonplace on vhf and uhf fre¬ 
quencies, but now its use is becoming more and 
more popular in the 29.500 through 29.700 MHz 
range (10-meter fm). It has always been the forgot¬ 
ten mode on your lowband transceiver. If you want¬ 
ed to pioneer this spectrum, a piece of commercial- 
band equipment was your only alternative. But wait. 
What have we here? Comtronics FM-80, Azden 
2800, and now fm on the 901-DM. There must be 
someone up there\ 

Commercially built ham transceivers as well as 
many converted CB radios have generated new life 
to an almost forgotten part of the ten-meter band. 
Don't scoff at the mention of converted CBs, as 
these are among some of the top performers when 
properly converted. 

Described here is a conversion that can be made to 
any receiver using a 455-kHz i-f to add true fm to its 
current capabilities. The circuit can be built on a 
piece of vector board approximately two inches (50 
mm) square, allowing it to fit nicely in even the smal¬ 
lest transceiver. 


By John LaMartina, K3NXU, 105 Sky- 
view Drive, Shrewsbury, Pennsylvania 
17361 


The chip selected is an MC 1358. Although de¬ 
signed for TV sound service, it works excellently at 
455 kHz for nbfm applications. This chip functions as 
an i-f amplifier, limiter, fm detector and audio driver. 

basic operation 

The 455-kHz i-f input to the 1C is acquired from the 
last 455-kHz i-f amplifier. The fm signal is detected 
and set to the i-f by transformer T1. The audio is fed 



to an audio driver with more than enough gain to 
properly drive your existing audio amplifier. 

construction 

The use of a low-profile 1C socket doesn't affect 
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fig. 2. Parts placement on Vector™ board. 


the performance of the i-f stage. Personally, I prefer 
to use them whenever possible (cheap insurance). In 
addition, try to keep all leads as short as possible. Ca¬ 
pacitor C2 may not be required if the transformer se¬ 
lected is already at resonance. 

installation 

The existing detector stages of the receiver are left 
intact so as to not disable the S-meter and squelch 
function. 

1. Connect the 455-kHz i-f input to the base of the 
last i-f amplifier transistor. 

2. The audio output pad of the fm board connects to 
the top of the volume control pot- The existing lead 
to this point must be removed or switched off so as 
to not receive fm and the existing receiver mode 
simultaneously. 

3. Connect 12 Vdc and ground from the receiver to 
the conversion board. 

adjustment 

The only adjustment necessary will be that of 
transformer T1. This should be set for maximum 
audio response upon the reception of a signal, either 
on the air or from an fm signal/tone generator. If too 
much drive is being delivered from the audio driver 
stage, insert a 100k resistor between C5 and the top 
of the volume control. 

closing comments 

I have installed several of these fm conversions 
and have had complete success with each. 

Predrilled PC boards with complete wiring diagram 
are available from the author for $5.00 each. 

ham radio 
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SEE YOU AT ORLAN DO NATIONAL 


11 COS 1 GHz, pre. Special $59.95 

ATF4l7pre-amp.net Special $19.95 

MRF 901 UHF transistor, 1 GHz Special $3.95 

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEOEO 10 MAKt YOUR 
COUNTER COMPLETE. HAL-800A 7-01GIT COUNTER WiTH FREQUENCY RANGE OF ZERO 
TO 600 MHz. FEATURES TWO INPUTS. ONE FOR LOW FREQUENCY AND ONE FOR HIGH 
FREQUENCY: AUTOMATIC ZERO SUPPRESSION TIME BASE IS 1,0 SEC OR 1 SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY ± 001%. UTILIZES 10 MHz 
- $ 129 


. PROVISIONS HAVE ALREADY 
IS ACCURACY ± 001% UTILIZES 10 MHz 

COMPLETE KIT $109 

PURCHASE OF ANY FRE- 


FREE: HAL-79 CLOCK KIT PLUS AN INLINE RF PROBE 1 
0UENCY COUNTER 

PRE-SCALER KITS 

HAL 300 PRE.(Pre drilled G-10 board and all components).$14.95 

HAL 300 A/PRE.(Same as above but wllh preamp).$24.95 

HAL 600 PRE.(Pre-driiled G-10 board and all components).$29.95 

HAL 800 A/PRE.(Same as above but with preamp).. $39.95 

HAL-1 GHz PRESCALER, vhf & uhf input & out 

PUT, DIVIDES BY 1000 OPERATES ON A SINGLE 5 VOLT SUPPLY 

PREBUILT & TESTED $79.95 

TOUCH TONE DECODER KIT 

HIGHLY STABLE DECODER KIT. COMES WITH 2 SIDED, PLATED THRU AND SOLDER FLOWED 
G-10 PC BOARD. 7-567’s. 2-7402. AND ALL ELECTRONIC COMPONENTS BOARD MEAS¬ 
URES 31/2x5-1/2 INCHES. HAS 12 LINES OUT. ONLY $39.95 
DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 
7206 CHIP PROVIDES BOTH VISUAL AND AUDIO INDICATIONS! COMES WITH ITS OWN 
TWO-TONE AN0DIZE0 ALUMINUM CABINET MEASURES ONLY 2-3/4" x 3-3/4". COM- 
NENTS TO FINISH THE KIT. PRICED AT $29.95 

FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND-HELD UNIT. THE PC BOARD 
MEASURES ONLY 9/16" x 1-3/4" THIS PARTIAL KIT WITH PC BOARD. CRYSTAL. CHIP 
AND COMPONENTS PRICEOAT $14.95 

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR 
W84VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. IN 0ST MAGAZINE 
AN0 THE 1975 RADIO AMATEUR S HANDBOOK. $18.95 

ACCUKEYER - MEMORY OPTION KIT PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER, WHILE OESIGNEO FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO ANY 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $18.95 

PRE-AMPLIFIER 

HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH |-3dB 
POINTS). 19 dB GAIN FULLY ASSEMBLED AND TESTED $8.95 

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL - $7.95. 
OPERATES ON 12-VOLT AC (NOT SUPPLIED) PROVISIONS FOR DC ANO 
ALARM OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 


FNDCOMM. CATH READOUTS. K 


3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH* 


$6 50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK. 

SIX-DIGIT ALARM CLOCK KIT FOR HOME. CAMPER, RV, OR FIELD-DAY USE OPER¬ 
ATES ON 12-VOLT AC OR DC. AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD. COM¬ 
PLETE WITH ALL ELECTRONIC COMPONENTS ANO TWO-PIECE. PRE-DRIttED PC BOARDS. 


--- x 3". COMPLETE WITH SPEAKER AND SWITCHES. IF OPERATED ON DC, 

THERE IS NOTHING MORE TO BUY * PRICED AT $18.95 

•TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM 
I10-V0LTAC. $2.50 

SHIPPING INFORMATION - ORDERS OVER $20.00 WILL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED ON OROERS LESS 
THAN $20.00 PLEASE INCLUDE ADDITIONAL $1 SO FOR HANDLING AND MAILING 
CHARGES. SENO SASE FOR FREE FLYER 




w Hobby-Blox System) 




Hal-Tronix 


P.O.BOX 1101 

harold c. nowland SOUTHGATE, MICH. 48195 

W8ZXH _PHONE (313) 285-1782 
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Garth Stonehocker, K0RYW 


weather affects DX, right? 

Besides keeping us indoors or out¬ 
side? Yes! March and April are 
months in which weather is usually a 
series of spring storms bringing rain 
to much of our country. These 
storms are usually fronts of warm and 
cold air, which produce the year's 
first major thunderstorms. Thunder¬ 
storms mean noise (static) that 
affects the signal-to-noise ratio of our 
receivers, decreasing readability. 

Thunderstorm static propagated 
from far off is the main overall noise 
level of our lower-frequency hf 
bands. The average noise from the 
thunderstorms all over the world 
going on at once makes this noise 
level. However, as a particular storm 
front comes near, a significant in¬ 
crease in the noise level can be heard. 
The first notice of this noise increase 
is at a one-hop distance away (about 
600-1200 miles or 960-1920 km) when 
the storm front is about a day or so to 
the west of your location. Next, the 


noise will usually decrease as the 
storm moves closer; that is, until it is 
within a ground-wave distance of 
50-60 miles or 80-96 km (near line of 
sight). Thunderstorm static is then 
worse, mainly individual crashes, and 
it becomes part of the local noise. As 
the storm moves away a similar 
decrease, then an Increase, is heard 
in a day or so again as the front 
moves on. You can check this out for 
your location by coordinating the TV 
weather program with your operat¬ 
ing/listening experience. The effect is 
more noticeable on the lower fre¬ 
quency bands. 

In looking for the rare DX, you may 
want to make the best use of your 
time by tracking the storms to give 
you the best chance at quiet noise 
conditions. Remember, too, the DX 
station's operating times and fre¬ 
quencies. An article in the November, 
1980, issue of CQ lists the foreign 
national holidays (consider when the 
DX is home from work), and a QST 


article (January, 1975) points out the 
best DX frequencies in each band. 

Toward the end of March (associ¬ 
ated with the equinox, which is on 
March 20 at 1703 UT), the geomag¬ 
netic field is easily disturbed. The 
equatorial plane of the sun lines up 
through space with the earth's equa¬ 
tor, giving particles a more direct 
path to the earth's polar regions. 
Disturbances are prevalent under this 
condition. DX can be from unusual 
locations because of the ionosphere's 
erratic movements. East-west paths 
are generally poorer; otherwise dur¬ 
ing undisturbed times, over-the-pole 
DX paths are better during the 
equinox season, 
band-by-band summary 

Six meters will provide some excel¬ 
lent openings to South Africa from 
the eastern U.S. and from the 
western and central U.S. to Australia 
and New Zealand around local noon¬ 
time. The openings are more prob¬ 
able during high solar flux values. 

Ten, fifteen, and twenty, meters will 
be full of signals from morning into 
early evening almost every day and to 
most areas of the world. The open¬ 
ings will be shorter on the higher 
bands and concentrated more near 
noon for the path of interest. High 
solar flux values and geomagnetic 
disturbance will favor these bands for 
transequatorial contacts. Noise 
effects are not too noticeable. 

Forty, eighty, and one-sixty, meters 
are the night Dxer's bands. The 
bands are open beginning just before 
sunset and lasting until just as the sun 
comes up on the path of interest. 
Except for daytime short-skip signal 
strengths, high solar flux values don't 
affect these bands much. Geomag¬ 
netic disturbances, which will be 
more evident near the equinox, cause 
much signal attenuation and fading 
on polar paths. The effects of these 
disturbances are less on these bands, 
although noise will be spasmodic and 
very noticeable on these lower-fre¬ 
quency bands. 

ham radio 
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inexpensive five-eighth 
wave ground plane 

A year or so ago, my wife won a 
bicycle flag as a door prize at a meet¬ 
ing. I do own a bicycle but I have no 
need for such a flag. The other day, I 
took this work of art out from behind 
the bedroom door and transformed it 
into a 2-meter antenna. I measured 
off approximately 4 feet (1.2 meters) 
of wire, brought it down the "flag 
pole" and wound a ten-turn coil at 
the bottom. I had a coaxial chassis 
connector (with a missing center con¬ 
ductor) which I drilled to fit the plastic 
pole. I then soldered on four 20-inch 
(50-cm) radials made of No. 12 [2.1- 


mm) wire. I wrapped the pole with 
tape, just under the radials, to hold 
them at the proper level. I soldered 
the shield of some RG-58/U cable to 
the radials, and the center conductor 
to the bottom of the coil. 

I fired up the 2-meter rig, and con¬ 
nected an SWR meter into the line; it 
showed about 2.5:1. I took off a turn 
of wire; this dropped the SWR to 2:1. 
I then started cutting the vertical wire 
an inch at a time, and cut once too 
often. By pushing all of the coil turns 
tight together, I came up with 1.1:1 
— close enough. 

The photograph shows the bicycle- 
flag antenna in place on the house. 

Bob Baird, W7CSD 



the best way to get an 
antenna into a tree 

For many years the Los Alamos 
Amateur Radio Club has set up Field 
Day in the nearby Jemez Mountains, 
which are well supplied with tall 
Douglas fir and spruce trees. Each 
year we struggled with the problem 
of getting the antennas up into the 
trees. We've tried everything: climb¬ 
ing, throwing a weighted line, using a 
bow and arrow. Finally, about three 
years ago, K5QIN developed an ingen¬ 
ious but inexpensive device, which 
was the ultimate solution. 

A slingshot was wedded to a spin¬ 
casting reel. The Wrist Rocket brand 
slingshot uses surgical rubber tubing 
as the elastic; it's surprisingly power¬ 
ful. Fastened to the handle of the 
slingshot is the spin-casting reel. A 
one-ounce sinker is tied to the fish 
line. For ease of finding the sinker, I 
tied on a piece of bright red tape. 

To use, merely unlock the reel, 
stand near the base of the tree, and 
fire upward at about a 60-degree 
angle. The weight easily clears 60-80 
foot (18-24) meter) trees, and almost 
invariably falls all the way to the 
ground. Remove the sinker from the 
end of the line (cut it — fish line is 
cheap) and tie on a light nylon twine, 
such as 50-120 pound (23-54 kg) test. 
Then reel back the fish line steadily, 
until the twine returns to the ground. 
You can then connect whatever 
stronger line is needed to raise the 
antenna. 
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The advantages of this system are 
these: 

1. It's inexpensive. I bought a spin- 
cast reel on sale for less than $3, 
spent $5 on the slingshot, and got 
2000 feet (610 meters) of 6-pound- 
test (2.7-kg) monofilament for about 


$1.25. One ounce (28.4g) sinkers cost 
about 12 cents. 

2. If the line becomes tangled, just 
break it, abandon it, and try again. 
This is not the case with a bow and 
arrow, as archers are reluctant to lose 
expensive arrows. 


3. The small weight rarely tangles in 
the trees. 

We have built several of these and 
find them among the handiest de¬ 
vices ever invented. 

Alan Hack, WA5VLX 




Here is a composite version, using Lines 10, 17, 20, and 300, as writ- 

the TRS80, Level 2, of Anderson’s ten, should duplicate the results 


antenna bridge 

fine series of programs, 

first listed in given in programs 1 and 2 using the 


calculations 

the May, 1978, issue of ham radio. same input data, and can be edited as 

Readers should refer to that article for required, 

the formulas used and other back- 




ground material. 


Paul Manacek, K6GK 

5 

Print, “Smith Chart Rotatit 

n" / = “UP ARROW" 

320 

E=2.718282 

6 

Prints Print 


330 

A=DB/N 

8 

Input “Enter next Ireq. in 

mhz“;F 

340 

B=K*F 

1)9 

ZO*50 


350 

D=E/( 4*A)=1+2*E/(2*A)*Cos(2*B) 

12 

Input "Enter noise bridge 

RP' Reading"iR 

360 

RA=((E/(4*A)-l))/B 

15 

Input "Enter noise bridge 

C' reading in picos"iC 

370 

Bl=2*E/(2*A)*Sin(2*B) 

17 

V=. 66 


380 

A2=D 

20 

L=60 


390 

P=A2*A2 

35 

Rl=.006388 


400 

M=(A2+B1)/(A2*A2) 

45 

X= -159155/CF*C) 


410 

Print 

50 

A=!R*X/2)/(R/2+X/2) 


420 

Print "Complex Attenuation Factors (RA,XA)=“iRA,M 

60 

B=(X*R/2)/(R/2+X/2) 


430 

Print 

65 

Input “Enter value of seri 

as extender (0 if not used) 

450 

Print “Next rotation is for Lossy Lines** : Print 

Input “Enter RG from top of screen" ;RS 

75 

Print 


460 

Input "Enter XG";XG 

80 

A1=A-SE 


470 

Input “Enter RA" ;RA 

85 

Print "The line input Z (R( 

,XG)=“A1,B 

480 

Input "Enter XA";XA 

90 

A2=SQR((Al+Z0)/2+(B/2)) 


490 

A4=(RS-RA*R0) 

95 

B2=SQR( ( A1-Z0)/2+ ( B/2 )) 


500 

B4= ( R0-RS*RA+XG*XA ) 

100 

Print "the swr is", ( A2+B2)/(A2-B2) 

510 

D4=RA*XG 

110 

K=Rl*(L/V ) 


520 

G4=RS*XA 

120 

XK- Tan ( K*P ) 


530 

H4-C4 

130 

RG=Al 


540 

I4=D4+G4 

140 

XG=B 


550 

L4=R0»XA 

150 

R0=Z0 


560 

M4=04 

160 

A=(XG-R0*XK 


570 

N4-XG-L4 

170 

B“(R0+XG*XK) 


580 

04-A4+M4 

180 

D=RG*XK 


590 

P4=N4 

190 

N= -D 


600 

Q4=B4-H4 

200 

X= (( RG*B )+( A*N ))/( B*B+N*N ) 


610 

T4-I4 

210 

Y=( (B*A)-(RG*N))/(B*B+N*N) 


620 

V4=((04*Q4)+(P4*T4))/(Q4*Q4+T4*T4) 

220 

Z~X*R0 


630 

W4=((Q4«P4)-(04*T4))/(Q4«Q4*T4*T4) 

230 

J-R0*Y 


640 

Y4=(V4*R0 

240 

Print 


650 

Z4-R0*W4 

250 

Print “Antenna Z (No-Loss Line) is"iZ,J 

660 

PrintiPrint 

260 

A 2= SQR( ( Z+ R0)/2+ f j/2 ) ) 


670 

Print "Antenna Z, (lossy line) is",Y4,Z4 

270 

B2=SQR( (Z-R0 )/2-t- ( j/2) ) 


680 

Print 

280 

Print “The SWR is". ( A2+B2)/A2-B2) 

690 

700 

A3= SQR (( Y4+R0 \h* ( Z4/2 )) 

B3=SQR (( Y4-R0 )/2+ ( Z4/2 )) 

290 

Print 


720 

730 

Print “The Swr, with losses, is" , (A>B3)/( A3-B3) 

300 

DB=.8 


Print!Print 

Run 8 

310 
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Get your 
TEN-TEC 
‘money-back 
guarantee’ 
transceiver 
from AES 


CALL TOLL FREE 

1 - 800 - 558-0411 


AMATEUR 

ELECTRONIC 

supply: 

4828 W. Fond du Lac Avenue 
Milwaukee, Wl 53216 (414)442-4200 
-AES BRANCH STORES- 

Wickliffe, OH 44092; 28940 Euclid Ave. 
(216) 585-7388; OH Wats 1-800-362-0290 
Orlando, FL 32803; 621 Commonwealth Ave. 
(305) 894-3238; FL Wats 1-800-432-9424 
Las Vegas, NV 89106; 1072 N. Rancho Or. 
(702) 647-3114; Outside NV 1-800-634-6227 ■ 


DISTINCTIVE OSL's - Largest selection, lowest prices, 
top quality photo and completely customized cards. 
Make your OSL's truly unique at the same cost as a stan¬ 
dard card, and get a better return rale! Free samples, cat- 


MAGAZINE SAMPLES! For a Iree list ol over 135 maga 
envelope lo: Publisher's Exchange. P.O. Box 1368, Dept. 


Coming Events 

ACTIVITIES 

“Just What the Doctor Ordered!” 


CALIFORNIA: The 6th West Coast Computer Faire o 
speakers, over 400 exhibits, and between 20.000 an 


MARYLAND: Greater Baltimore Hamboree and Compul* 
ertesl on March 29 at the Maryland State Fairgrounds. 
Timonlum. Maryland. Gates open at 8:00. Admission is 


Valley Dr., Timonfum, Maryland 21093 or (301)321-14 


TEST EQUIPMENT 

RECONDITIONED 
AND LAB CALIBRATED 


TENUAT0R, EXCELLENT LAB GENERATOR $375.00 
HP612 UHF SIGNAL GENERATOR 450 THRU 1230 
MHZ AM/PULSE MODULATION, CALIBRATED OUT¬ 
PUT . 475.00 

TS-497B/URR MILITARY SIGNAL GENERATOR 2 
THRU400 MHZ.CAUBRATEOATTENUATOR 225.00 
AN/URM-25 MILITARY SIGNAL GENERATOR 10 
KHZ THRU 50 MHZ. AM/CW. MODULATION 400 & 
1 KHZ. CALIBRATED OUTPUT. PRECISION 50 OHM 
STOP ATTENUATOR. PERFECT FOR AMATEUR OR 

LAB WORK. . . . 285.00 

SG-13/U V0R/ILS MILITARY SIGNAL GENERATOR 
108-135 9 MHZ AND 329.3 TO 335 MHZ. OUTPUT 
SIGNALS INCLUDE V0R. L0C. GUDESLOPE AND 
1000 CPS. SAME AS COLLINS 479T-2 OPERATES 


KHZ, CALIBRATED OUTPUT.. .PERFECT FOR AMA¬ 
TEUR. COMMERCIAL AND LAB WORK. 345.00 

SG-12/U FM MILITARY LOW BAND SIGNAL GENER¬ 
ATOR 20 MHZ THRU 100 MHZ. METERED RF OUT¬ 
PUT 0-5 V, METERED DEVIATION 0-100 KHZ PER¬ 
FECT FOR LOW BAND RADIO FM SERVICING 185 00 
TEKTRONIX 1L20 SPECTRUM ANALYZER PLUG-IN 


IN FOR 560 SERIES OSCILLOSCOPES.125.00 

TEKTRONIX 1M1 TEST PLUG-IN.85.00 

TEKTRONIX 1AI DUAL TRACE DC-50 MHZ 

PLUG-IN.95.00 

TEKTRONIX 1A5 DIFFERENTIAL PLUG-IN DC-50 

MHZ.85.00 

TEKTRONIX PLUG-INS TYPE A. B. H, K. L, R. 
EACH.65.00 


IRS 

(Interstate Repeater Society) 


AUCTI0NFEST ’81 

MARCH 21 

— Bring your money — 


Used Equipment Room 
Manufacturers’ & Dealers' Displays 


HILTON AT MERRIMACK 

Merrimack, NH 

(1/4 ml. Irom the MerrlmackTotlgate) 

Everett Turnpike 

For Details Write: 

AUCTION FEST’81 

Box 94 

Nashua, NH 03060 


Nashua, NH 03106. Location: Hlllon In Merrimack. Doors 
open at 9:00 AM. Vendor exhibits and more. S5.00 and 
$75.00 lor Flea Markel rooms. Auction begins at 11:00 

lion: write WB1FRE. 

NEW JERSEY: Chestnut Ridge Radio Club's Ham Radio 
and Computer Flea Markel on April 4 Irom 9:00 to 3:00 at 
the Educational Building, Saddle River Reform Church. 
East Saddle River at Weiss Road In Upper Saddle River. 

tailgating is$5.00. Conlact Jack Meagher. W2EHD, (201) 
768 8360 or Neil Abllabllo, WA2EZN (201) 767-3575. 

NEW JERSEY: Annual Flemington. N.J. Hamlest Satur¬ 
day. March 21 Irom 8:30 lo 3:00 al the Hunterdon Central 
High School Field House. 20,000 square leet ol heated 
Indoor area. Gigantic Ilea markel, 200 tables. ma|or 

kids and friends. Flemington Is a tourist area. Talk In 
146.52, 147.375. 147.015. 224.12. Admission $3.00 dona- 

Cherryville Repealer Assn, c/o W2FCW, Box 76, Farvlew 
Ave.. Annandale, N.J. 08801 

NEW JERSEY: The Old Bridge Radio Association's llrst 

gear on March 1 al tho Cheesequake Firehouse, Routes 
35 and 9. In Old Bridge. Exhibition begins al 11 AM, sale 


a?e md a c»: s :?: a :u:: d i^:. F T:: p i:on B i4 a "8W2i!Tn s 
formation and reservations: SASE Lake County Hamlest 
Committee. 5555 Anaconda Rd.. Mentor, Ohio 44060. 
(216)953-9784. 


ACC0USTICAL AND ELECTRICAL NOISE PEAKS 5 

HZ TO 20 KHZ.125.00 

KINTEL 202B DC MICROVOLTMETER .45.00 

TS-230E RADAR TEST SET. MEASURES POWER & 
FREQUENCY, RANGE 8500 TO 9700 MH2 ... 45.00 
TS-148/UPM-33 RADAR SPECTRUM ANALYZER, 
RANGE 8470-9630 MHZ SWEEP 10-30 HZ . 49.00 

TV-7/U MILITARY TUBE TESTER.45.00 

TS-403/URM-61 SIGNAL GENERATOR RANGE 1800 
THRU 4000 MHZ. FM. CW, PULSE. SQUARE WAVE 
MILITARY VERSION OF HP 616A. PERFECT FOR 

SATELLITE WORK. 300.00 

FOB OTTO. N.C.. 30 DAY MONEY BACK GUARAN¬ 
TEE. SEND CHECK. VISA OR MASTER CHARGE. 
PHONE BILL SLEP 704-524-7519. 


SYNTHESIZED 

SIGNAL GENERATOR 


More Details? CHECK-OFF Page 110 


• Covers 100 lo 179.999 MHz in 1 kHz steps with 
thumb-wheel dial • Accuracy .00001% ai all fre¬ 
quencies • Internal frequency modulation Irom 0 lo 
over 100 kHz al a i kHz rale • Spurs and noise at 
least 60dB below carrier • RF output adjustable Irom 
5-500mV across 50 ohms • Operates on 12vdc ® 
Vi amp • Price $329.95 plus shipping. 

In slock lor Immediate shipping. Overnight 
delivery available at extra cost. Phone: (212) 
468-2720. 

VANGUARD LABS 

196-23 Jamacla Ave. Hollis, NY 11423 
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Bencher - ^ 

1:1 BALI iV &M 

• Lets your antenna radiate- -not your coax L I 

• Helps fight TVI—no ferrite core to 
saturate or 

• Rated 5 KW peak—accepts substantial 

• DC grounded—helps protect 

• Amphenol < connector; Rubber ring 

to stop water leakage . ^LLsJ 

/fffo Rugged custom Cycolac' 

Kmr case. UV resistant formulation 

(<© Heavy threaded brass Tf^T 


Model ZA-1A 3.5-30 mHz 
Model ZA-2A optimized 14-30 mHz 
includes hardware for 


Available at selected 
dealers, add $2.00 
postage and handling 
in U.S.A. 

WRITE FOR LITERATURE 


OPERATING EVENTS 


BencHeunc. 


ALL BAND TRAP ANTENNAS! 



Iron Powder and Ferrite 

TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms . 

Ferrite Rods, Pot Cores, Baiuns, Etc. 


Small Orders Welcome 
Free 'Tech-Data' Flyer 


12033 Otsego Street, North Hollywood, Calif. 91607 
(213)762-2418 
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products 


mini-speaker 

Firestik's Speak-Easy mini-speaker 
is an acoustically tuned, wide-range 
air compression speaker that's small 
in size (2% x 2 inches) yet offers 300 
to 10,000 Hz of audio response for 
crisp and clean sound. The Speak- 
Easy speaker is molded in an indoor/ 
outdoor shockproof case and is easily 
mounted anywhere on cars, trucks, 
motorcycles, vans, airplanes, or RVs. 
In addition, it is exceptionally weath- 
ertight and resistant to corrosion. 
Mechanical features include a pulse 
dissipating disk, grill filter, a half-inch 
voice coil and a 1%-inch magnet. 
Every Speak-Easy speaker comes 
complete with a 6 Vi -inch coaxial cord 
with a 3.5 mm plug, fully adjustable 
mounting bracket, and hardware for 
quick and easy installation. For more 
information on this new product, 
write to Firestik Antenna Company, 
2614 East Adams, Phoenix, Arizona 
85034. 


BASIC coding form 

The Pocket-BASIC Coding Form 
by ARCsoft Publishers simplifies writ¬ 
ing programs for the TRS-80 pocket 
computer. It's available in 50-sheet or 
100-sheet pads and makes clear the 
relationship of overlapping memory 
locations such as A, A$, A(01), and 
A$(01). 

Pocket-BASIC Coding Form dis¬ 
plays the computer's fixed memories 
side-by-side with a large area for list¬ 
ing their contents. It also gives plenty 
of space for the programmer to label 
and list his flexible memories. The 
face of the form has space for pro¬ 
gram title, programmer's name, date, 
and page number plus ample room 
for special notes and comments. 


The reverse of the 8)4 x 11 inch 
form is precision-ruled for thirty hori¬ 
zontal program lines, each divided by 
eighty vertical columns. Program 
lines are numbered in standard 10-300 
line numbers in the margin for spot¬ 
ting at a glance. Vertical columns, left 
to right across the 11-inch width of 
the sheet, are numbered 1-80 for easy 
identification of available spaces in a 
standard TRS-80 pocket computer in¬ 
put memory. A program using all 
available steps and memories can be 
listed on the form's thirty lines by 
packing for maximum efficiency. 
Using shorter line contents, a very 
elaborate program can be listed on 
two sheets from a pad. The form can 
be used with any computer in the 
BASIC language. 

Pads are available from ARCsoft 
Publishers, P.O. Box 132E, Woods- 
boro, Maryland 21798. Pads of fifty 
sheets sell for $2.95 plus $1.00 post¬ 
age; pads of one hundred sheets sell 
for $3.95 plus $1.00 postage. 

dual Schottkys 

Two dual-power Schottky diodes 
that require no snubber networks 
have been introduced by TRW Power 
Semiconductors. The SD-231 and 
SD-232 diodes are dual diode ver¬ 
sions of TRW's recently introduced 
SD-31 and SD-32 Schottky diodes. 
All four devices are high-voltage 30- 
amp diodes with a junction tempera¬ 
ture rating of 175°C, which TRW 
says is higher than any comparable 
Schottky device. 

The SD-231 is rated at 60 
the SD-232 at 50 Vrjvjivj. Both are 
housed in a TO-204MA package (for¬ 
merly TO-3), and both are designed 
for rectification and commutation in 



high-current 5-volt logic supplies in 
military or industrial use. The two 
new diodes achieve avalanche pro¬ 
tection with a shunt P-N diode, which 
is formed in addition to the Schottky 
barrier. This P-N diode breaks down 
at a lower voltage than the Schottky 
diode. But because the current is 
more evenly distributed along the P-N 
junction, large amounts of reverse 
energy can be tolerated. It is this abil¬ 
ity to withstand high reverse energy, 
along with the devices' high voltage 
rating, that permit the SD-231/ 
SD-232 dual diodes to be operated 
without the snubber networks pre¬ 
viously required to protect Schottkys 
from avalanching. 

In 100s, the SD-231 diode costs 
$8.81 and the SD-232 diode costs 
$7.95. Delivery is six to eight weeks. 
For further information, including 
data sheets, contact John Power, 
TRW Power Semiconductors, 14520 
Aviation Boulevard, Lawndale, Cali¬ 
fornia 90260. 

micro-miniature 
sub-audible 
tone encoder 

Trans Com, Inc., introduces the 
new micro-miniature 401 sub-audible 
tone encoder. Measuring only 1.0 x 
0.6 x 0.3 inch, the encoder can be 
installed in radios where other similar 
types of encoders cannot. The 401 
has an operating range of 7 to 20 
volts with a current consumption of 
only 4 mA. It is fully tunable from 67 
Hz to 251 Hz and has an excellent 
temperature stability over a broad 
temperature range. Its features in¬ 
clude compatibility with PL, CG and 
other CTCSS tone systems; small 
size; operating voltage 7-16 Vdc re¬ 
verse polarity protected; operating 
current 4 mA, 12 Vdc; adjustable 
tone level 0 to 2 VPP; and low tone 
distortion, less than 1 percent THD. 
The tone stability is ±0.2 percent Hz 
from - 20°C to + 70°C, and there is a 
two-year warranty. Contact Trans 
Com, Inc., 1104A Ridge Avenue, 
Lombard, Illinois 60148. 
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1981 Radio Shack 
catalog 

Radio Shack's new 176-page 1981 
catalog is now available, free on re¬ 
quest, from more than 6,000 partici¬ 
pating stores and dealers nationwide. 
The catalog has 120 full-color pages 
and features the latest in everything 
electronic from computers and stereo 
components to toys and electronic 
games, parts, and accessories for 
home entertainment hobbyists and 
experimenters. 

Among the products being offered 
for the first time are the TRS-80 
Pocket Computer; the TRS-80 Color 
Computer; the TRS-80 Model III 
Desk-Top Computer; six new stereo 
receivers, two with digital quartz tun¬ 
ing; and five stereo cassette tape 
decks featuring Dolby noise-reduc¬ 
tion circuits. 

The new catalog includes the TRS- 
80 line of microcomputers, Realistic 
stereo components, CB equipment, 
radios, tape recorders, thirteen new 
electronic calculators, six digital 
clocks, seventeen electronic games, 
Archer antennas, Micronta test in¬ 
struments, and ArcherKit and 
Science Fair hobby kits. 

For further information contact 
Tandy Corporation/Radio Shack, 
1800 One Tandy Center, Fort Worth, 
Texas 76102. 

medium power 
Darlingtons by 
Motorola 

Motorola has announced a new 
series of complementary TO-92 Dar¬ 
lington transistors, designed specifi¬ 
cally for preamplifier applications re¬ 
quiring a high dc current gain and an 
input impedance of several meg¬ 
ohms. The low-cost, plastic-pack¬ 
aged transistors are available with 
breakdown voltage ratings of 40, 50, 
and 60 volts, a dc current gain of 
10,000, and excellent current-gain lin¬ 
earity from 1 mA to 100 mA. Contact 
Motorola Semiconductor Products, 
Inc., P.O. Box 20912, Phoenix, Ari¬ 
zona 85036. 


miniature frequency 
standard 

The model YH-1100 miniature fre¬ 
quency standard provides specified 
output frequency in the range of 1 
MHz - 60 MHz. Although measuring 
only 4.5 cubic inches (73.7 cc), the 
unit can provide a frequency stability 
of ±5 x 10~ 8 per day. With an out¬ 
put that will drive up to 10 TTL loads, 
and operating from a single 5 Vdc in¬ 
put, it is ideal for digital applications 
where size and stability are critical. 



The price is $175.00 for 100-unit 
quantities, with some common fre¬ 
quencies from stock. 

For further information, write 
Greenray Industries, Inc., 840 West 
Church Road, Mechanicsburg, Penn¬ 
sylvania 17055. 

H.H. Smith catalog 

Herman H. Smith, Inc., of Brook¬ 
lyn, New York, is making available its 
newly published Catalog 810 for de¬ 
sign engineers and purchasing 
agents. The recently produced, 100- 
page, full-line catalog features a num¬ 
ber of new products, including the re¬ 
cently developed "safety engi¬ 
neered" test lead package, which 
permits the user to assemble com¬ 
plete test lead systems from standard 
shelf items to retrofit with existing 
and new equipment. These include 
prods, meter inputs, input adapters, 
and cables with connectors. Other 
new items offered in Smith's Catalog 
810 are an extended group of printed 
circuit board supports, flat wire cable 
clamps, and many new spacer types, 
including 3/16-inch O.D., 1/4-inch 


Code reading 
makes ham radio 
more fun! 



Field Day 2 


A code reader can add to the 
fun of ham radio by allowing 
you to copy many signals that 
are too complex or too fast to 
decode by ear. 

You can get in on such things 
as news-wire service transmis¬ 
sions, weather information and 
financial reports that are sent 
by radioteletype (RTTY), ASCIi 
computer language or Morse 
code. 

Some code readers only copy 
one or two types of signals, but 
the Kantronics Field Day 2 ,m 
allows you to copy RTTY at 60, 
67, 75 and 100 WPM Baud, ASCII 
at 110 and 300 <if sent as it is 
typed) WPM Baud and Morse at 
3 to 80 WPM. 

The Field Day 2 even has an 
editing program to improve 
sloppy Morse. You get more of 
the message and fewer illegal 
character signs than with other 
code readers, with a Field Day 2 
you also get a 24-hour clock, 
code speed display and TTL 
compatible demodulator out¬ 
put. 

The Field Day 2 is a complete 
unit in one package with a large, 
easy-to-read, 10-character dis¬ 
play and is backed with a full- 
year limited warranty. 

Code reading makes ham 
radio more fun, and now you 
can get started with one com¬ 
pact, versatile unit, at S449.95, 
suggested price, the Field Day 
2 . 

call or visit your Authorized 
Kantronics Dealer for a demon¬ 
stration! 


■ mi Kantronics ■ 

8 (913) 842-7745 ■ 

| 1202E. 23rd Street 1 

| Lawrence, Kansas 66044 | 

I_--J 
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WHY PAY 

FULL PRICE FOR 
AN 80-10 METER 
VERTICAL 

... if you can use only 1 13 
of it on !0? 

.. .or only 1/2 of it on 20? 
... or only 3/4 of it on 40? 


Only Butternut's new 
HF5V-III lets you use the 
entire 26-foot radiator on 
80, 40, 20 and 10 meters 
(plus a full unloaded quar¬ 
ter-wavelength on IS) for 
higher radiation resistance, 
better efficiency and greater 
VSWR bandwidth than 
conventional multi-trap de¬ 
signs of comparable size. 
The HF5V-III uses only two 
high-Q L-C circuits {not 
trapsl) and one practically 
lossless linear decoupler for 
completely automatic and 
low VSWR resonance (typi¬ 
cally below 1.5:1) on 80 
through 10 meters, inclu¬ 
sive. For further informa¬ 
tion, including complete 
specifications on the HF5V- 
III and other Butternut an¬ 
tenna products, ask for our 
latest free catalog. If you've 
already "gone vertical," ask 
for one anyway. There's a 
lot of information about 
vertical antennas in gener¬ 
al, ground and radial sys¬ 
tems, plus helpful tips on in¬ 
stalling verticals on roof¬ 
tops, on mobile homes, etc. 




BUTTERNUT 

ELECTRONICS 

CO. 


P.O. Box #1411 
San Marcos, Texas 78666 
Phone:(512)396-4111 


0-D, and 3/8-inch O.D. in aluminum, 
brass, and nylon, as well as in male/ 
female configurations. 

Herman H. Smith, Inc., produces 
more than 20,000 electronics compo¬ 
nents and hardware at its main plant 
and maintains conveniently located 
regional warehouses which supply 
major industrial electronic distributors 
and OEM users in the U.S. and Can¬ 
ada. Contact H.H. Smith, Inc., 812 
Snediker Avenue, Brooklyn, New 
York 11207. 

soldering iron stand 

Wahl Clipper Corporation, manu¬ 
facturers of the complete line of ISO¬ 
TIP brand soldering irons, has intro¬ 
duced a new "double-duty" soldering 
iron stand. The new stand is a com¬ 
bination soldering iron stand and 
caddy. When closed, the stand con¬ 
tains the soldering iron shaft and tip 
within the closed metal compart¬ 
ment, thus allowing an iron that has 
not yet completely cooled down to be 
placed in a tool box or caddy without 
damage to adjacent components. 
The compact, durable, yet light¬ 
weight soldering iron stand/caddy 
also protects the shaft and tip from 
possible damage in transit. 

In the "open" position, the stand 
functions as a standard soldering iron 
stand, holding the iron within easy 
reach between uses. The stand also 
features a tip wiping sponge and well. 
For further information, contact Clip¬ 
per Corporation, Sterling, Illinois 
61081. 

COAX-SEAL for 
protecting connectors 

Keep the name coax-seal in mind the next 
time you need a means to keep moisture and cor¬ 
rosion out of your coax fittings. It's not too often 
a new product line crosses our desk that has 
caused as much excitement as this one. One 
wonders why COAX-SEAL hasn't appeared soon¬ 
er. It has been used commercially for eight years 
and is just now finding its way into the Amateur 

COAX-SEAL is a pliable, plastic mate¬ 
rial that can be wound over coax fit¬ 


tings of any size or shape then hand- 
molded to give a long-lasting, flexible 
waterproof and dustproof seal. This 
new material stays flexible at temper¬ 
atures from -25 to 350 F (-32 to 
176.8 0. 

COAX-SEAL maintains its sealing 
qualities regardless of movement of 
the coax. It also adheres to polyvinyl 
or vinyl outer coax jackets. The mate¬ 
rial allows quick decoupling of a coax 
fitting and also re-sealing of the fit¬ 
ting using the same material. Applica¬ 
tion is by hand — simply roll off ap¬ 
proximately 6 inches (15 cm) of 
COAX-SEAL, remove backing paper, 
wrap starting at outer covering and 
work toward fitting, allowing a one- 
half overlap as you go. After the wrap 
is completed, gently knead to form a 
smooth surface and to force out any 
air. 

COAX-SEAL comes in rolls, 60 
inches (152 cm) long, 1/8 inch (3 
mm) thick and 1 12 inch (13 mm) wide 
on backing paper. For more informa¬ 
tion, contact Universal Electronics, 
Inc., 1280 Aida Drive, Reynoldsburg, 
Ohio 43068. 

dummy load 

The new Ten-Tec Model 209 air¬ 
cooled rf dummy load is an excellent 
accessory for the ham shack or test 
bench. It allows transmitter operation 
for testing or alignment without dis¬ 
turbance to other Amateurs on the 
air. 

Model 209 is rated at 300 watts for 
30 seconds with derating curve for 
extended use. VSWR is 1.1:1 maxi¬ 
mum from 0-30 MHz, 1.5:1 maximum 
for 30-150 MHz. The dummy load is 
housed in a perforated aluminum en¬ 
closure, dark painted for excellent 
heat dissipation. SO-239 connector is 
built-in for convenient installation. 
Price is $26.00. Contact Ten-Tec, 
Highway 411, East Sevierville, Ten¬ 
nessee 37862. 

1021 DTMF receiver 

The 1021 DTMF receiver is de¬ 
signed to detect and decode the six- 
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teen standard tones used for Touch 
Tone dialing. By incorporating the 
latest in technology it is possible to 
have a high-quality DTMF receiver 
measuring only 3.5 x 1.9 x 0.4 inch. 
The 1021 features low current con¬ 
sumption, typically 4 mA at 5 Vdc. 
The 1021 DTMF receiver consists of 
dual bandpass filters, dial tone rejec¬ 
tor filter and limiters, a DTMF decoder 
with latched binary outputs, and a 
four to sixteen line converter. The in¬ 
put signal can vary from a level - 30 
dBm to 0 dBm with a digit detection 
time as short as 20 milliseconds. The 
four-bit binary and strobe outputs are 
provided through a five-pin header on 
the card; power and the sixteen dis¬ 
crete lines are available through a 25- 
pin connector with 0.1-inch spacing. 
When a digit is decoded, the strobe 
and digit line goes high for the dura¬ 
tion of the tones detected. The binary 
outputs are normally set for 20 milli¬ 
seconds, but can be lengthened. 
Both the filter and decoding circuits 
are crystal controlled for long term 
stability and accuracy. Contact Trans 
Com, Inc., 1104A Ridge Avenue, 
Lombard, Illinois 60148. 

nick-free wire stripper 

O.K. Machine and Tool introduces 
a new, all-purpose, manual wire strip¬ 
per, the ST-300. It has a convenient 
adjustable stop for consistency in 
wire strip length's. This easy-to-use 
tool strips 14 to 22 AWG solid and 
stranded wire cleanly and quickly. It 
strips Kynar, vinyl, polyethylene, rub¬ 
ber, neoprene, and irradiated vinyls 
— almost all insulation materials in 
use today. With one light squeeze of 
the handles, cutting blades cut 
through and remove up to % inch of 
insulation. Heavy duty and reliable, 
the tool is ideal for appliance, auto¬ 
motive, electrical fixture, instrumen¬ 
tation and household wiring. The 
ST-300 won't damage or nick wire. 
Available from stock for $9.95 from 
your local electronics distributor or 
directly from O.K. Machine and Tool 
Corporation, 3455 Conner Street, 
Bronx, New York 10475. 


short circuit 

optional sidetone 

Those who are confused as to how 
to incorporate the optional sidetone 
into the CW keyboard program for 
the Apple II computer (October, 
1980, ham radio) may find the follow¬ 
ing of interest. It is a program change 
for the addition of optional sidetone. 

1. Enter monitor with CALL -151 or 
press RESET. (* cursor). 

2. Type 30A: AD 30 C0 88 D0 F5 AD 
58C06O. 

3. Press RETURN. 

4. Re-enter BASIC (CTRL C). 

5. In both lines 5 and 6, change the 
number 774 to 772. 

6. Delete Line 620 (DEL 620). 

To delete the sidetone, merely re¬ 
run the program. Steps 1-4, how¬ 
ever, must be repeated each time the 
sidetone option is to be used unless 
the poke statements in lines 18 to 23 
are changed, starting at :POKE 
778,173, in line 18. 

Although left as an exercise, here's 
a hint for converting hexadecimal 
numbers to decimal: For a three-digit 
hex number, multiply the first digit by 
16 2 . Add (second digit x 16) plus 
third digit. 

For a two-digit number, multiply 
the first by 16, add the second. Exam¬ 
ple: Convert $3A7 to decimal. On the 
Apple keyboard, type: PRINT 3*16A 
2+10*16 + 7. ( = 935). 

Modifications in steps 5 and 6 are 
a permanent part of program, with or 
without sidetone. 

contributed by 
Bill Skeen, W6WR 

updating the HW-2036 

Those who would like a copy of the 
reverse side of the printed circuit 
boards in fig. 9 (page 55) of 
WA4BZP's article in the November, 
1980, issue of ham radio may obtain 
one by sending a stamped, self-ad- 
dressed envelope to ham radio, 
Greenville, NH 03048. 


r- ——i 

Copy RTTY, ASCII 
and Morse 
from the palm 
of your hand. 



Have you waited to get into 
code reading until you found 
out what this latest fad was 
about? You can stop waiting, 
because it’s no longer a fad. 

Amateurs everywhere 
are tossing the gigantic 
clanking monsters of yester¬ 
year that once performed 
the job of reading 
radioteletype. They are trad¬ 
ing them in for state-of-the- 
art code-reading devices 
that are Incredibly small, 
noiseless if desired and in¬ 
finitely more versatile than 
their antique predecessors. 

Kantronics, the leader in 
code-reading development, 
has just introduced the latest 
and most-advanced break¬ 
through in the copying of 
Morse code, radioteletype 
and ASCII computer langu¬ 
age. 

The Kantronics Mini- 
Reader reads all three types 
of code, displays code speed, 
keeps a 24-hour clock, acts as 
a radioteletype demodulator 
and reads all of its decoded 
information out on a travel¬ 
ing display of 10 easy-to-read 
characters. It is so compact 
that it fits in a hand-held, 
calculator-size enclosure. 

At S314.95, the Mini-Read¬ 
er outperforms anything 
within another S400 of its 
price range. 

Call or visit your Authoriz¬ 
ed Kantronics Dealer now to 
find out what the latest in 
technology has done to 
code-reading. 


K Kantronics 

(913) 842-7745 
1202E. 23rd Street 
Lawrence, Kansas 66044 
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¥ Observation 
& Opinion 




It's getting to be that time again. The end of a long winter. The ground is beginning to thaw. 
Trees are starting to green up. Time to start thinking about antennas. And here I am, a displaced Cal¬ 
ifornian, in the incredibly beautiful part of the country known as New Hampshire. In California I'd had 
to contend with problems such as zoning ordinances, a small city lot, and neighbors with marginal 
TV and stereo sets and a suspicious attitude toward ham radio operators. 

But now, after some 45 years of hamming, suddenly it's different. I have some freedom: a location 
miles from the nearest city, rolling green hills sloping toward a huge lake, no maze of high-voltage 
wires, no manmade interference. This spring I'll put up the ideal antenna. 

But what's the "ideal" antenna? After reading Jim Lawson's series in ham radio, one might con¬ 
sider the Yagi beam to be the ideal antenna. But to perform well, the Yagi requires, among other 
things, a tower of substantial height. This means bucks. Or, one might consider the quad antenna 
(also bucks and problems with construction). 

So, I have decided that the ideal antenna for me is the long wire. It requires lots of wire and lots of 
real estate. But I'm fortunate. I have plenty of room for installation and a reel of surplus annunciator 
wire — enough for ten wavelengths on the 20-meter band. According to the technical literature, a 
wire ten wavelengths long will produce a gain of 7.5 dB over a dipole, a very respectable figure 
indeed. 

OK, you say, how do you rotate it or change its direction for DX? Answer: you don't. If the anten¬ 
na is long enough and pointed in the general direction of the highest concentration of the foreign 
Amateur population, the long wire will not only provide excellent DX results off both ends, but will 
also produce sidelobes that will cover intermediate directions. 

This theory was proved last summer, when I first erected a long wire soon after arriving in New 
Hampshire. That long wire was only about three wavelengths on 20 meters. It was oriented due 
north and south; the low end of the antenna was only about 25 feet above ground. With low power 
(10 to 15 watts) I worked everything I could hear on 20 meters, both on short and long path. The 
long-path openings were few but produced some excellent contacts. 

So this spring I'll put up a long wire, ten wavelengths long, on 20 meters, running north and south, 
and I'll feed it with the legal maximum power. Some muscles will be required to get it up into the 
trees (I'll enlist the aid of my staff). Watch out. Bob Locherl I'm out to give you the business! 

The end of this month brings the ever-popular Dayton Hamvention. It will be interesting to see 
how this year's show turns out. Despite sounds of doom and gloom expressed by some in the indus¬ 
try, there are signs of hope. I hear rumors that several manufacturers are planning to announce new 
product lines at the show. That should be something to look forward to. The fact that almost all of 
the major names in Amateur Radio will be at Dayton should make for an enthusiastic crowd. 

This will be the first year I've had a chance to visit the Dayton show. In all my years with ham radio 
I've been living on the West Coast and couldn't attend. But this year I'll be at Dayton with an open 
mind and megabytes of memory storage. I want to talk to you, our reader, to get your feelings about 
the new ham radio : what you like and dislike about it; what you'd like to see in it. I want to talk to 
industry leaders, look for new authors, try to find a few bargains in the flea market (more antenna 
wire), and just rap. Dayton will be extremely important to me as editor of ham radio ; but it will be 
more important to you, our readers. Because you can tell me what you want to see in issues to come. 

Look me up. I'll be there to listen to you. We need you and you need us. See you at Dayton! 

Alf Wilson, W6IMIF 
editor 
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us .comments 


Dear HR: 

Several things are distressing 
about buying and selling the answers 
to the Amateur license examinations, 
as you mention in your December ed¬ 
itorial. I hope the matter will eventual¬ 
ly be settled by having the FCC copy¬ 
right its future Amateur tests. I hate 
to see Mr. Bash get rich and famous 
when the main thing that attracts 
anybody to “his" stuff is precisely the 
fact that he didn't write it! He only 
compounds his dishonesty by posing 
as a rebel voice against the stingy, 
oppressive Federal regulators — it's 
all a sales pitch. 

But even you somehow seem to re¬ 
act as if an easy way out were being 
offered. Anybody who buys on this 
assumption is begging to be taken 
advantage of, since memorizing an¬ 
swers is actually the single most diffi¬ 
cult way to prepare for a technical ex¬ 
amination. The only way to make it 
easy is to learn to understand the 
subject matter, surely not an unfair 
requirement for a radio operator's 
license. 

I myself took up Amateur Radio in 
1979 and now have my Extra class li¬ 
cense, yet I'm no electronics expert 
— only an interested student who 
isn't afraid of a multiple-choice exam¬ 
ination. In my opinion. Bash and his 
supporters are treating our whole tra¬ 
dition of self-training — one of the 
best things about this hobby — with 
scorn. 

David Satz, N1AWG 
Cambridge, Massachusetts 


Dear HR: 

W6SAI's article in the September, 
1979, issue of ham radio concerning 
problems with the Collins KWM-2 
transceiver was helpful to me in cur¬ 
ing relay problems with my 32S-1 
transmitter. The power relay, K1, 


would sometimes trip as soon as the 
tubes warmed up, causing the trans¬ 
mitter to turn on. But frequently K1 
would not turn on hard enough to trip 
the antenna relay, K2. It seemed to 
me this problem was brought about 
by stray rf tripping the VOX relay ac¬ 
tuator tube, VIIA, a 6U8A. 

After examining the circuit careful¬ 
ly, I decided to shield R75, the grid re¬ 
sistor of VOX amplifier tube, V14A, a 
12AT7.1 felt this resistor might be de¬ 
veloping a current from stray rf and 
feeding the amplifier. Next, following 
W6SAI's suggestion, I installed a 2- 
watt, 4700-ohm resistor between pin 
1 (plate) of VOX relay actuator tube 
VIIA and K1. Finally, I replaced the 
two 68k 2-watt resistors composing 
R89 in the cathode circuit of VIIA 
with three 100k, 2-watt resistors, be¬ 
cause the other resistors had shown 
signs of overheating. 

These modifications seem to have 
completely cured my 32S-1 of relay 
trouble, and I thought they might be 
of interest to others who operate Col¬ 
lins S-line equipment. 

Frisco Roberts, K5CE 

Corpus Christi, Texas 


Dear HR: 

This letter concerns an article in 
ham radio entitled "Navigational Aid 
for Small-Boat Operators" by Henry 
Keen, (September, 1980, pages 
46-47). 

While we appreciate Mr. Keen's ef¬ 
fort to provide information regarding 
navigational aids for boaters, we are 
concerned that the system described 
would be in violation of the Commis¬ 
sion's rules. For example, Mr. Keen 
states in the last paragraph of his arti¬ 
cle, "I suspect that such a system 
might operate, for example, in one of 
the 20-kHz slots that appear in the CB 
spectrum." We do not feel that this 
would be possible or advisable for the 
following reasons. 

Specifically, the proposed use of 
two beacon transmitters would not 
be in accordance with Section 
95.401, Rule 22(a) of the Citizens 
Band Radio Service Rules which limit 


CB communications to telephone 
only. In addition. Rule 23(a)(4) of the 
same section forbids the transmission 
of one-way communications by a CB 
station. Further, Mr. Keen's refer¬ 
ence to the involvement of a marine 
operator raises other questions re¬ 
garding operator qualifications and 
equipment control. We also should 
add that while Mr. Keen is a licensed 
Amateur, his proposed system would 
not be licensable in the Amateur 
Radio Service. Nor do we know of 
any other Commission service which 
could license the suggested naviga¬ 
tional aid as proposed. 

We are bringing this information to 
your attention so that you may alert 
your readers to the regulatory difficul¬ 
ties involved in the proposed system 
and to warn them against purchasing 
radio equipment that is not licens¬ 
able. 

Robert L. Cutts, Chief 
Spectrum Management Division 
Federal Communications 
Commission 
Washington, D.C. 


Dear HR: 

To an old-timer who used loop 
modulation on 10 meters in 1932 and 
learned fm during World War II under 
Fred Budleman and Fred Link (Link 
Radio Co.), the article on amplitude 
compandored sideband (ACSB) is 
nothing short of exciting. But can't 
we find a better name for it? 

Am and fm are short, descriptive 
titles. SSB, or better, SB, or side¬ 
band !, have a nice ring. NBVM is as 
cumbersome as the implementation 
of the technique. With full apologies 
to Dr. Lusignan, "amplitude compan¬ 
dored sideband (ACSB)," has zero 
appeal. Furthermore, it omits an im¬ 
portant part of the technique: the 
pilot tone. 

A more descriptive, easier-to-han- 
dle title is compressed piloted side¬ 
band (CPS). This might be shortened 
to compiloted sideband modulator 
(CSM). Let's start the new baby off 
with a good name. 

Jack Geist. N3BEK 
Silver Spring, Maryland 
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ARRL WILL DISCOURAGE 18 AND 24 MHZ "experimental" or beacon operation by U.S. Ama- 
2urs, the League's Executive Committee agreed recently. A number of Amateurs have 
jplied to the FCC for Special Temporary Authorization to transmit on the two future 
nateur bands, as is being done by the two Canadians who are working on 10 MHz. But 
Lth the uncertainty about when either 18 or 24 MHz will become available, it was felt 
lat any such preliminary Amateur operations would encourage others without STAs to 
jllow suit. The negative reaction that such unauthorized operations could generate, 

: was felt, would more than outweigh any possible benefit. 

AMATEURS OPERATING 420-450 MHZ in the vicinity of military installations in the 
juthwest and Florida got a nice break from the FCC at its agenda meeting on February 
L. Acting on a petition from AMSAT to permit a power increase from the present 50 
itts DC input in those areas, the Commissioners decided, with the agreement of the 
Lr Force, that an increase to 1000 watts EIRP was acceptable. There is a stipulation, 
jwever, that the transmitting antenna be directed at least 10 degrees above the hori- 
)n. In addition two new restricted areas, both of 50 miles radius, were added at Otis 
Lr Force Base in Massachusetts and Beale Air Force Base in California. Other re- 









Collins Owners’ Reports: 


the S-line 


A survey of owners’ 
opinions on the Collins 
32S-line transmitter 
and 75S-line receiver 

In April of 1980, tram radio magazine published a 
questionnaire directed at the owners of Collins 
radios: the KWM-2/2A transceiver, the 32S-line 
transmitter, and the 75S-line receiver. The results of 
the transceiver portion of that questionnaire were 
printed in the March issue. This month, we are pre¬ 
senting our findings on the 32S and 75S transmit¬ 
ter/receiver pair, based on the 210 completed ques¬ 
tionnaires received. 

the good features 

Like the reports we received on the KWM-2/2A, 
reports on Collins S-line gear have been overwhelm¬ 
ingly favorable. For example, 74 percent of those sur¬ 
veyed rated Quality of Workmanship a 10 on a scale 
of 1 through 10. That's an astonishing figure. Also 
ranking very high were Durability, which received a 
rating of 10 from 70 percent of those who replied, 
and Reliability, which was rated 10 by 65 percent of 
the respondents to our survey. 

Other features of the Collins S-line praised by 
many S-line owners were stability, audio quality, 
ease of maintenance, receiver selectivity, and dial 


accuracy. See table 1 for the full story. It's clear that 
these solid and dependable Collins radios are highly 
thought of by the hams who own them, and that 
they have retained their reputation for quality down 
through the years despite all of the technological 
wonders that have come along since these radios 
were first designed. Here are some of the comments 
we received to the question. What is the rig's best 
feature? 


table 1. What is the rig's best feature?* 



percent 

Reliability 

45 

Stability 

27.5 

Receiver performance 

17.5 

Dial accuracy 

15 

Clear audio 

15 

Selectivity 

12.5 

Signal quality 

12.5 

Ease of maintenance 

12 

200-Hz CW filter 

11 

Ease of tuning 

10 

Durability 

8.5 

Sensitivity 

8.5 

Wide frequency coverage 

7.5 

Resale value 

5 

Service manual 

3 

NoTVI 

2.5 

•Many respondents gave more than one response. 



By Martin Hanft, WB1CHQ, Production 
Editor, ham radio magazine 
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fig. 1. Ratings of the S-line transmitter/receiver pair, from 1 (poor) to 10 (perfect). 


"Wide frequency coverage for MARS, easy to 
operate, and very reliable." — W3PE 
"Receiver is top of list when peaked and holds up 
over long periods of use. There's very little aging of 
components. Signals may be equaled but not beaten 
in quality." — W5CAE 

"Total reliability under adverse conditions, ease of 
service, dial accuracy and stability of both frequency 
and operation. Also the ability to cover frequencies 
between 3.2 and 30 MHz without modification — or 
trading it in for another rigl" — W5USI 
"Day in and day out reliability." — WA6T 
"Outstanding sensitivity on all bands, and it does 
not have the constant hiss of solid-state receivers. 
Crisp audio (no mush)." — K6ITL 
"This rig is reliable, no question about it. I expect it 
to perform every time I turn it on and it does. Also, 
the inter-connect for transceive operation is a plus." 
- WD0EOT 

"Selectivity and ability to operate without strong 
signals blocking the receiver. I work 80 and 40 CW 
the most, and I've yet to find a receiver that can out¬ 
perform the 75S-3B on these bands." — N2DL 
"Excellent receiver and transmitted audio. I have 
modified my receiver according to Jim Fisk's article 
about cascading filters. I've also added some solid- 
state-equivalent "Tubesters" in certain areas: age, 
audio, VFO, and crystal calibrator." — VE3UP 


"Miles of band spread." - W3EHA 

"Ease of operation. Sixteen years old yet it com¬ 
petes favorably with present-day designs. Holds 
resale value. Minimum upkeep and repair." — 
W6MIR 

"Front-end overload characteristics. It does not 
give up and die in a strong signal environment, the 
way the vast majority of current solid-state receivers 
do. The 200-Hz CW filter is the best I've ever used." 

- W6JD 

"Reliability. But also outstanding for quality con¬ 
struction, frequency stability, and re-set accuracy." 

— W7AY 

"One of the best thought-out designs ever. 
Extremely stable — clean signal. Does everything it 
was meant to do, well. One of the most maintainable 
rigs ever. A real classic in my book." — WA0TWH 

"Collins uses top-quality switches, making for 
long, trouble-free life. I have used all of the popular 
top radios and I still keep coming back to the Collins 
even though it doesn't have all the fancy features. It 
can't be beat." 

"Does not drift. When I tune in on a certain fre¬ 
quency it stays on that frequency. It has a very good 
tone. I get good reports from most QSOs. One man 
even said to me, 'I bet you're using a Collins.' " — 
WB0JJJ 

"The best feature of the S-line has always been its 
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quality of construction, which has led to a record of 
reliability and dependability unparalleled in Amateur 
equipment. It should be borne in mind that the S-line 
is not, strictly speaking, Amateur equipment, as 
there are probably more units in government and 
commercial service than in Amateur use." — 
WA0FYG 

"Reliability, good signal quality, stability." — 
K9KER 

"Overall quality. Good sensitivity and selectivity. 
Extremely durable and easy to service." — K4NYK 
"Never had any trouble with it. Superb workman¬ 
ship and quality control." — WB7V0R 
"Rejection tuning (variable noise blanker)." — 
KH6BD 

"I can tune in WWV on Monday, turn it off and 
turn it back on on Friday and WWV will still be zero 
beat." - K4KAE 
"Trade-in value." — K9GEL 
"A ham could easily become an appliance operator 
with a rig this well built." — K3JHB 
"Dial readout and mechanism, rugged construc¬ 
tion, and neat, uncluttered layout." — W1EED 
"Highly durable: works 3:1 SWR all day with no 
problems." — KA6JJK 

"I believe that it is impossible to name one feature 
that is best, but, if I had to, I believe it would be relia¬ 
bility and quality of construction. What other rigs can 
you name that after twenty years are still state-of- 
the-art and operational?" — WD8BTU 
"Ease of operation, dial accuracy, and consistent 
power over a wide range of frequencies." — W6DPD 

on the other hand 

Despite the almost overwhelming praise for the 
Collins S-line gear, there were also some criticisms. 
But not many. More than 55 percent of our respond¬ 
ents told us that there are no worst features to the S- 
line, or if there is one they haven't found it yet. 
That's quite a recommendation. Others, however, 
mentioned difficulty of tuning (and the time involved), 
being limited to 200-kHz tuning, problems with the 
age, lack of R.I.T., and the expense of replacement 
parts. Table 2 sums up the story. 

Here are some sample responses to the question. 
What is the rig's worst feature? 

"Some erratic VOX operation. Hard to change 
antenna relay." — W3PE 

"Use of phono connectors in back for interconnec¬ 
tion and accessories results in a rat's nest of cabling 
and risk of damage by wrong connection." — 
WA4GWG 

"Coverage of only 200 kHz on the VFO dial." 

"Can't think of any." - W2MDB ex-1 JY 
"Price." - W4YY 

"S-meter circuit can't hold setting for 10 


table 2. What is the rig's worst feature?* 


None 

55.5 

Use of phone-plug-tipped cables 

17 

200-kHz tuning 

14 

Replacement tubes 

12 

Time spent tuning up 

11 

No R.l.T. 

10 

VOX 

9 

AGC 

8 

Incomplete coverage 28-30 MHz 

7 

Not solid state 

6 

Frequency offset 

5 

Expense of parts 

4 

Price 

4 

Relays 

•Many respondents gave more than one response. 
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minutes." — KH6GMM 

"Tubes are getting harder to replace." — K9UQN 
"Lack of noise blanker." — W6DPD 
"Tubes." - N2AQS 

"No noise blanker — it is very susceptible to im¬ 
pulse noise interference. Also, tube design is not as 
sensitive as some of the more modern solid-state 
designs." — K9AUB 

"Can't receive all of 10 meters, even with three 
plug-in crystals. Poor factory service and availability 
of parts." - WB6GFJ 

"The large number of crystals required to cover 
the bands." - VE3BGV 

"Lack of sensitivity on 10-meter band." — 
WA5NOM 

"High cost of mechanical filters." — K4TTO 
"Tubes becoming hard to find." — W5CAE 
"None." - W0PEN 

"Time required to tune up transmitter." — WA6T 
"Servicing is the pits. Invariably, the part you need 
to get to is buried under six wires, three capacitors, 
and a big resistor." — WD0EOT 
"Retuning transmitter after small amounts of 
movement within a band." — N2DL 
"No R.l.T." - K1MNC 

"Lack of ability to receive on the transmitter PTO, 
no passband tuning, and transceive on CW is not 
possible because of 1350-kHz offset." — W0YK 
"Tunes only 200 kHz." - K1MOU 
"Lenghty tune-up procedure when changing 
bands." - K6MC 

"Lack of rf input attenuator in receiver." — 
W6NTJ 

"With this system you have a desk full of equip¬ 
ment and a rat's nest of patch cables behind it. You'd 
think they'd have a harness for those cables or a mili- 
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tary-type connector with a dozen or so pins." — 
WB2MXZ 
"Cost." — W5AG 

"Cost of parts is much too high. For example, $40 
for a spinner knob for the VFO." — WB4DOR 
"Unable to use transmitter VFO for receive. 
Vacuum tubes: heat, size, pi-network final tank cir¬ 
cuit, etc. — all those things that go along with 
vacuum-tube radios." — K4NYK 
"The VOX controls are inside the transmitter." — 
KH6BD 

"Lack of R.l.T. function in transceive, power con¬ 
sumption, and heat." — K4KAE 

problems 

Again, the largest percentage of respondents 
answered none to the question. Have you had any 
problems? Those that did have problems to report 
mentioned such things as having to replace capaci¬ 
tors or tubes, TVI, hum, and power supply problems. 
For the complete rundown, see table 3. Below are 
some of the comments. 


table 3. Problems. 


Replace small component 
Ac power supply 
Relays 

VOX 

Alignment 

Drift 

AGC 

Other 


"VFO in 75S-3C went sour when the receiver was 
about 1 Vi years old. Linearity was bad (slug changed). 
I had to buy a rebuilt VFO for $75." — K6RK 
"VOX relay draws high current, thus requiring a 
series resistor. Driver 6CL6 runs hot (it was fixed with 
a heat-dissipating shield)." — W3DSE 
"Dial slipping required some work. Poor contacts 
on RCA connector. Replaced high-voltage rectifiers 
and added vent fan." — WB6AJR 
"None." - WA7RCR 

"VOX on the transmitter and mechanical filter on 
the receiver." — W6KOM 
"Worn dial mechanism (due to use), a bad resistor 
in the VOX circuit (32S-3), and a bad electrolytic 
capacitor. Ail problems well within expectations of 
the equipment and due to normal use." — K4SE 
"Open relay contacts in 32S-3 transmitter require 


cleaning about every four or five years. Some routine 
tube failures." — W5AL 

"After 19 years of almost daily use a resistor in the 
VOX circuit failed." - W2VJN 
"Minor component and tube failures." — W6GQC 
"Bandswitch needed cleaning after exposure to 
salt water! No other problems." — K6ITL 
"Doesn't tolerate SWR over 2:1. Blows out trim¬ 
mer capacitors in pi-section. Twice replaced rectifier 
tubes in power supply." — K7AGC 
"Band-change switch contacts become corroded 
in time and require cleaning." — W4YY 
"Shorted plate capacitor in amplifier circuit, which 
caused rectifiers to burn out. Insulation of ac line in 
transmitter breaking down and shorting." — 
W6BSO 

"Diode in 516F-2 bias supply went bad after one 
year. Three of the 6U8 tubes became gassy." — 
WA5NOM 

"CW spotting switch causing intermittent in 
power output. Contacts needed cleaning and adjust¬ 
ment." - K6MBV 

"Extreme instability in VOX due partly to heat in 
R88 and R140 of 32S-3. Audio distortion on 80 
meters due to rf feedback into mike circuit." — 
WB8SRR 

"Dial slipping and backlash in 75S-1 receiver PTO. 
32S-1 transmitter neutralization sometimes tricky on 
10 meters." -WA4GWG 
"Defective BFO as received from factory — 
promptly repaired." — W8IM 
"Tube replacement." — K20B 
"The three-section, 40-/*Fd capacitor in the power 
supply of the 75S-3B mounts on an aluminum chas¬ 
sis. You can not solder the can to achieve a good 
ground. This has presented an intermittent hum 
problem that can be temporarily solved by wiggling 
the capacitor. Also, have had an intermittent pulling 
of the receiver VFO. Occasionally, calibration is about 
6 kHz low on the VFO dial." — WD0EOT 
"Capacitor failure, bad diode, and relay failure." 
- W3IJ 

"Blown resistor in microphone audio switch." — 
VE3WP 

"In the 13 years I have had Collins, I have replaced 
only one 6146 tube and one small capacitor in the 
VOX circuit, which I repaired myself. No servicing 
needed." - W0VUU 

"In the seven or eight years that I have owned the 
S-line and the 15 years that I have owned a 75A-4, 
other than an occasional tube there have been no 
component or mechanical failures." — VE3UP 

related findings 

Table 4 shows the accessories purchased most 
often by owners of the Collins S-line. Heading the 
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making your 
Collins S-line 
solid state 



For more information and a 
price list, writeSKYTEC, 

Box 535, Talmage, Californis 
95481; telephone 707-462- 
6882. 


A large number of Collins S-line owners express concern over the fact that 
their rigs use tubes. In fact, tube failure was the single largest problem 
encountered with these radios. Even though problems such as these are 
easily solved, they are problems nonetheless. For that reason, owners of 
Collin S-line equipment may be interested to learn about solid-state devices 
that are now available, devices designed specifically to replace the tubes in 
the 32S transmitter and 75S receiver with solid-state circuitry. 

Each solid-state tube replacement — or Tubester, as they are called — 
plugs neatly into the socket of the tube it replaces. The Collins 75S receiver 
will operate completely normally with only one Tubester replacing a tube, or 
with any mix of Tubesters and tubes, or with all Tubesters. The same Is true of 
the 32S transmitter, except that it is not feasible to replace the driver or power 
amplifier tubes. 

The complete installation and touch-up alignment takes only a few minutes 
and requires no special tools or test equipment. No modifications need be 
made in transmitter or receiver, and the installation procedure is simple and 
clearly explained. Operation and performance of the radios remain essentially 
unchanged. 

Heat reduction is substantial with the use of Tubesters; in the case of the 
32S transmitter, there is a 50 percent reduction in wasted power and heat dur¬ 
ing STANDBY. Reports from owners of Tubesters have been very favorable, and 
in fact, one of the Amateurs at ham radio has been using Tubesters for a year 
and is very happy with them. His only complaint is that, on cold winter nights, 
he can't warm his hands over the glowing filaments. (Note that Tubesters are 
designed for S-Line equipment only.) 


list, with a percentage rating of 27, is CW filters. 
Other items mentioned include crystal pack, linear 
amplifier, station control, and tuner. Ninety-seven 
percent of those responding said that they had been 
able to obtain the accessories they wanted, and an 
astounding 99 percent were satisfied with the acces¬ 
sories they purchased. 

To the question, Have you had the rig serviced?, 
only 45 percent replied that they'd had service work 
done, a finding much in keeping with the high score 
the S-line received for durability and reliability. Of 
those who did have service work done, 92 percent 


table 4. Accessories. 


Filters 
Amplifier 
Station control 
Crystal pack 
Microphone 
Wattmeter 

Rf processor 
Q multiplier 
Phone patch 


percent 

27 

9 


said the work was satisfactory. To the question. 
What antenna do you use most?, 59 percent reported 
that they use a beam. Wire antennas accounted for 
33 percent, with all others filling the remaining 8 per¬ 
cent. 

would you buy one again? 

To this all-important question, the response was a 
resounding 80 percent yes, 20 percent no. These 
figures are even higher than the yes/no ratio for the 
KWM-2 (73 yes/27 no). Most of those who said that 
they would not buy the S-line again cited as reasons 
high price, problems with tubes, and lack of up-to- 
the-minute, solid-state features. But for each 
Amateur who would not buy S-line again there were 
four who would — with no doubt about it. Many 
owners of Collins equipment are fiercely devoted to 
their equipment — and to the Collins name. A great 
number of respondents said that they would own 
nothing less than Collins. 

All in all, it seems safe to say that the Collins S-line 
and KWM-2 are well liked — very well liked. They are 
exceptionally reliable and well-built pieces of radio 
gear that have withstood the test of time and still 
command a high price. Owners of Collins radios are 
generally convinced that, for dependability and 
durability, their equipment is top-of-the-line. 

ham radio 
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high-performance 

CW filter 


Network synthesis 
provides new applications 
for surplus 
toroidal inductors 

Most Radio Amateurs are familiar with the 
surplus 88- and 44-mH toroidal inductors used as 
loading coils on the telephone lines. Hundreds of 
these inductors are contained in cylindrical steel 
"loading pots" that can be seen mounted on tele¬ 
phone poles along suburban and country roads. 
These loading pots vary in diameter from 8 to 16 
inches (20 to 40 cm) and in length from 1.6 to 6.6feet 
(0.5 to 2 meters). Occasionally, after repairing or 


scrapping a length of line, the telephone company 
discards these loading pots when they can't be 
salvaged for re-use. 

background 

Enterprising Amateurs are sometimes able to 
obtain these surplus loading pots and remove the 
inductors for use in audio-frequency filtering applica¬ 
tions. During the past fifteen years, these inductors 
have found their way into many audio-filtering appli¬ 
cations such as CW, speech and RTTY filters. A par¬ 
tial list of published articles illustrates the many ways 
in which these surplus inductors have been used by 
the Radio Amateur (references 1-13). 

During the same fifteen-year period, observant 
Amateurs have seen the network synthesis method 
of filter design gradually replace the image-parameter 
design procedure developed by Otto Zobel in 1923. 
Filter designs are now possible which previously 
were not available. For example, the image-param- 

y Edward E. Wetherhold, W3NQN, Honey¬ 
well, Incorporated, Signal Analysis Center, P.O. 
Box 391, Annapolis, Maryland 21404 
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eter design procedure requires the addition of 
m-derived matching sections at each end of a proto¬ 
type pi or T-intermediate section. These matching 
sections are required to transform the image impe¬ 
dance of the prototype network to a form that can be 
terminated with a common resistor. In addition to 
providing a suitable means of terminating the filter, 
the matching sections also produce a desirable 
abrupt rise in attenuation, with an attenuation peak 
at a frequency equal to 1.25 times the cut-off fre¬ 
quency of the prototype section (form = 0.6). 

For non-stringent filtering applications, however, 
the image parameter filter is unnecessarily complex. 
For example, there are many applications where an 
increase in attenuation of between 6 and 8 dB per 
octave for each element is sufficient. With the 
development of network synthesis, it's now possible 
to design simple lowpass (or highpass) filters having 
a simple ladder configuration of alternating shunt Cs 
and series Ls for the lowpass configuration (or vice- 
versa for the highpass configuration) that can be ter¬ 
minated directly in resistors without the need for 
special end-matching sections. The Butterworth and 
Chebyshev designs are examples of this filter type, 
and they are frequently used when ease of construc¬ 
tion is of prime importance (see references 14, 15, 
and 19). 

By combining the use of these high-quality surplus 
toroidal inductors with modern filter design tech¬ 
niques, it's possible to build high-performance 
passive LC audio filters that once were unattractive 
because of high cost, or the difficulty of design and 
construction. This article discusses the design and 
construction of a CW filter using eleven of the 
surplus toroidal inductors. The filter is easy to build, 
and its performance is comparable to that of many of 
the expensive active filters currently available. 

loading inductor types 
and descriptions 

Every loading inductor, regardless of type, has two 
separate and equal windings wound on a moly¬ 
bdenum-permalloy toroidal core with an outside 
diameter of about 1 inch (2.5 cm). Depending on the 
inductor type and the connection of the two wind¬ 
ings, four different values of inductance are avail¬ 
able. The most commonly available inductor has 88 
mH in the series-aiding connection and 22 mH in the 
parallel-aiding connection. (Remember that when 
doubling the turns of an inductor the inductance is 
quadrupled, because inductance varies as the square 
of the number of turns. Thus, by connecting the two 
windings together in series-aiding, the turns are 
doubled, and the inductance is approximately quad¬ 
rupled.) Because the magnetic coupling between the 


two separate windings of the inductor is not perfect, 
the inductance in the series-aiding connection is 
slightly less than 88 mH. A typical measured value is 
85.7 mH. This value will be used in the filter design to 
be discussed. The less-common type has an induc¬ 
tance of 44 and 11 mH in the series and parallel con¬ 
nections. 

These 88- and 44-mH inductors are found in at 
least two different forms. One form is an unpotted 
stack of five inductors encased in a cardboard or 
sheet-metal cylindrical case, with a terminal board 
along its length to which all the inductor windings are 
connected (see reference 5for details). These induc¬ 
tors can be easily removed from the stack by prying 
open the case and cutting loose the leads from the 
terminal board. Because the inductors are unpotted, 
any number of turns can be added or removed to 
obtain any odd inductance value that might be re¬ 
quired for a particular filter design. This capability of 
obtaining a particular inductance value is necessary 
when the filter cut-off frequency and termination 
resistance must be a specific value, for example 750 
Hz and 600 ohms. 

The 88-mH surplus loading inductor is also found 
in a potted form. The potted inductor has two separ¬ 
ate 22-mH windings terminated in four insulated 
wires, which exit the potting compound (see fig. 1). 
The potting compound is tough and hard. Any 
attempts to remove the inductor from its potted con¬ 
tainer will result in damage to the inductor windings. 
The photo illustrates what happened when I tried to 
break open the potting compound. Because the 
inductor windings can't be freed from the potting 
compound, the inductor must be used in an applica¬ 
tion requiring either the 88- or 22-mH values. This 
means that, if the center frequency of a bandpass 
filter is selected to be a specific value, the bandwidth 
and termination resistance of the design must be 
allowed to vary. This is a compromise that must be 
accepted if the fixed 88-mH inductor is to be used — 
not particularly objectionable. I will show that these 
compromises are not unreasonable. 

By using modern filter design procedures and the 
88-mH potted inductor, high performance CW filters 
can be designed and constructed where the fixed 
inductor value is not a disadvantage. The following 
paragraphs explain the design procedures for obtain¬ 
ing a CW filter for any desired center frequency. 

design criteria 
and procedures 

Previously published inductance-capacitance CW 
filter designs used either one or three resonant cir¬ 
cuits (see references 6, 9, and 10). In the two cases 
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fig. 1. The schematic diagram shows the inductor con¬ 
nections inside the potted case, and the external con¬ 
nection (series-aiding) required for 85.7 mH. The photo¬ 
graph shows the unsatisfactory results of removing the 
inductor from its potted container. The leads are con¬ 
nected in series aiding for 85.7 mH. 


where only one resonant circuit was used, the skirt 
selectivity was not adequate to warrant serious con¬ 
sideration by' the experienced CW operator. The 
three-resonator filter was better, but it still lacked 
sufficient selectivity. The design discussed in this 
article has five resonant circuits, and the resulting 
selectivity finally provides the performance that the 
experienced CW operator can appreciate. 

Rlter center frequency. Because all but one of the 
filter inductors have a fixed value of 85.7 mH (the 
reason why the value is not 88 mH was previously 
explained), it's necessary that the bandwidth ( BW) 
and termination resistance (/?,) be permitted to vary 
and be dependent on the selected value of the center 
frequency (/ c ). This criterion was used because the 
designer will want to select a particular f c , while BW 
and R t are of less interest and can be left to fall where 
they may. Fortunately, for center frequencies 
between 500 and 800 Hz, B W and R, values are quite 


reasonable for the intended filtering application. (Fre¬ 
quencies below 500 Hz are difficult for most CW 
operators to hear, and for f c values above 800 Hz, 
B W becomes a little too broad.) 

Filter Q. The widely published filter expert Anatol 
Zverev states that a very good bandpass filter can be 
made when its components have a Q not less than 
twenty times the ratio of f c /BW 3 , where BW } is the 
3-dB bandwidth. (See reference 16, page 21.) From 
experience, I've found that satisfactory bandpass 
filters can be constructed even if the Q. is only ten 
times the f c /BW } ratio. Since the inductor Q used in 
the construction of this filter varies between 25 and 
40 over the frequency range of interest (500-800 Hz), 
and since the approximate required inductor Q. for a 
satisfactory design is a constant of 30 (the f c /BW } 
ratio is a constant 3.05 for all designs), I expect that 
this application of these surplus inductors will be 
quite practical. 

The bandpass filter design is based on a transfor¬ 
mation of a five-element (C in/out) Chebyshev low- 
pass filter having a reflection coefficient (RC) of 6.3 
percent. This RC value was chosen because the 
bandpass filter center inductor is exactly one-half the 
inductance of the end inductors, Thus, if the end 
inductors are of the 88-mH nominal value, the center 
inductor can be the standard 44-mH type. 

Fig. 2 shows the schematic diagram of the band¬ 
pass filter, including the component values for an f c 
of 655.4 Hz. In addition to this design, twenty-four 
other designs have been calculated for f c s between 
486-1087 Hz; they are listed in table 1. Table 1 data 
were computer calculated and are based on the eqs. 
1-6 given in Appendix A. The tabulated values of 
Cl,5 have been selected to include the standard- 
catalog capacitor values of 0.25, 0.27, 0.33, 0.47, 
0.56, 0.68, 0.82, and 1 nF, with other values slightly 
above and below the standard values. The other 
component values and frequency vs. attenuation 
data are included to give an indication of the ranges 
of values that may be expected. 
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Design procedure. After selecting a desired value 
of f c , use the following procedure to find the filter 
component values. (See Appendix A for design 
equations.) 

1. Find the desired approximate f c in the first column 
of table 1. 

2. Note the required value of Cl,5 (fig. 2) in the 
second column, and from a group of about ten 
capacitors having the proper nominal value, select 
two having a measured capacitance within 1 percent 
of each other. 

It isn't necessary to find the exact tabulated 
capacitance value, as any slight difference in 
capacitance between the selected value and that 
tabulated will only cause a slight shift in the center 
frequency. The important thing is that Cl and C5 
must be within t percent of each other. (A digital 
capacitance meter, capable of measuring to an accu¬ 
racy of 0.1 percent, is recommended.) 

3. In a similar manner, select C2 and C4 with a value 
equal to one quarter of Cl (see eq. 5B, Appendix 
A). If necessary, parallel additional capacitors to 
obtain the required capacitance within 1 percent. 

4. Select one capacitor for C3 with a value equal to 


twice that of Cl (see eq. 5A, Appendix A) and 
within 1 percent of the required value. 

5. Connect the parts in accordance with the 
schematic diagram of fig. 2. 

6. The shifted value of f c corresponding to the 
selected value of Cl,5 can be calculated from eq. 

IB. 

7. Calculate the/?, value from eqs. 4C and 4D. 

8. The bandpass response can be approximated from 
the values given in table 1, or the response can be 
calculated from the equations given in Appendix A. 

As an example, the parameters of the filter design in 
fig. 2 are listed in table 1 for/ c = 655 Hz. 

CW filter performance 

Before starting the construction of this filter, you 
want some assurance that the selectivity is adequate. 
This performance characteristic can best be appreci¬ 
ated by referring to a plotted attenuation versus fre¬ 
quency response curve. Fig. 3 shows both measured 
and calculated relative attenuation responses of the 
filter in fig. 2.1 plotted the response on a linear scale 
to more accurately and clearly define the individual 
points on the response curve, compared with plot- 


april 1981 E9 21 








fig. 3. Measured and calculated attenuation responses 
of the CW filter in fig. 2. The measured response differs 
slightly from the calculated response because the 
resistive losses of the filter were not included in the 
calculations. 


ting the response on semi-log paper, where the 
upper range becomes too compressed for good 
accuracy. Note the good agreement between calcu¬ 
lated and measured values. This agreement indicates 
that the design procedure is valid, and the inductors 
are capable of producing a usable filter. The 
measured insertion loss (not indicated in the plot) is 
less than 3 dB at the center frequency, which is 
typical for a filter of this complexity and inductor Q. 

Fig. 4 shows the filter response in a semi-log plot, 



which includes the audio frequency range of a typical 
communications receiver for comparison. Note that 
the frequencies below 400 Hz and above 1 kHz are 
attenuated by more than 50 dB. You should now be 
convinced that this filter has satisfactory selectivity. 
Further consideration can now be given to its con¬ 
struction. 

construction 

The filter was assembled in a 3x4x5 inch 
(7.6 x 10 x 12.7 cm) aluminum box. This box is avail¬ 
able from either LMB, No. T-F 779, or BUD, Type 
CU-3005A, at a nominal cost. There is just enough 
mounting area on the side of the U-shaped chassis to 
mount five potted inductors, side-by-side. The other 
five inductors are mounted on the other side. Holes 
were punched or drilled in the sides of the chassis, 
and the shafts of the potted inductor cases were held 
in place with Tinnerman clips. The 44-mH inductor, 
terminal strip, and capacitors were mounted on the 
bottom of the U-shaped chassis. 

Fig. 1 shows how the potted inductor leads are 
connected to obtain the 85.7-mH value. The junction 
of the soldered leads also provides the centertap con¬ 
nection for LI and L5. The other two leads were 
interconnected with the other inductor and capacitor 
leads in accordance with the schematic diagram of 
fig. 2. After the connections were soldered and 
taped, the interconnecting inductor leads were posi¬ 
tioned along side the potted inductors — no terminal 
strips are necessary in this case. 

The mating portion of the aluminum box contains 
the audio input cable and terminal strip, audio output 
phone jack, matching resistors, and the dpdt bypass/ 
through switch. The two filter halves are inter¬ 
connected with a three-wire cable. With a little care 
in component placement within the aluminum box, 
the separate halves of the box will fit together with 
no interference between the mounted components. 

Inductor L3 is most conveniently obtained with a 
standard 44-mH surplus inductor. The measured 
value of L3, as received, is actually 42.9 mH; this is 
the value required for the filter construction. The 
inductance of the series-aiding connection of the two 
11-mH windings is slightly less than the expected 
44-mH value because of less-than-perfect magnetic 
coupling between the two coils. This inductor value 
is in short supply and is available from only one 
advertised source.* 

It's also possible to modify an unpotted 88-mH 
inductor, where the number of turns removed 
depends on the inductor winding configuration. Two 
winding configurations are currently available — one 


*M. Reed, Box 74, Soquel, California 95073. Delivered cost is five inductors 
for $5. 
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in which two identically colored windings are wound 
on separate halves of the toroidal core with two card¬ 
board spacers separating the windings; the other in 
which the windings are bifilar wound, round-and- 
round, on the core with two differently colored 
wires. 

The inductor with the two-color bifilar winding has 
almost perfect coupling between the windings, and 
this type of 88-mH inductor is recommended for 
modification to obtain the desired centertapped 
42.9-mH value for L3. This inductor is available in a 
five-inductor stack.! 

To modify the bifilar-wound inductor, remove 113 
turns from each winding (total turns removed are 
226). Connect the start of one color winding to the 
finish of the other color winding. This junction is the 
inductor centertap; the other two ends connect 
across C3 (fig. 2). 

The 88-mH inductor with two separate windings of 
identically colored wire is also available from either of 
the two previously mentioned sources. However, 
because of its less-than-perfect coupling between 
windings (about 95 percent), the separate-winding 
inductor is less preferable than the bifilar-wound 
inductor for this filtering application. To modify the 
separate-winding inductor to get the L3 value, 
remove 110 turns from each winding (total turns 
removed: 220). 

how to get free 
potted 88-mH inductors 

Through the cooperation of the Chesapeake and 
Potomac Telephone Company of Maryland, I have 
obtained a large number of potted 88-mH inductors. 
These inductors were given to me by the telephone 
company with the understanding that I would distrib¬ 
ute the inductors at no cost (except for packing and 
shipping expenses) to Radio Amateurs for use in 
their communications activities. The C&P Telephone 
Company is aware of the public service performed by 
the Radio Amateur and wishes to foster this important 
Amateur activity by making these surplus inductors 
available to those who can use them. The recycling 
of these high-quality inductors is another example of 
how responsible industries are attempting to recycle 
our country's natural resources. (Each surplus induc¬ 
tor, if individually purchased on the commercial 
market, would cost more than $8.) The CW filter 
described in this article is a perfect application for 
these inductors, and those interested in CW commu¬ 
nications (CW-QRP net operators, especially) are 


ITYPETRONICS, Box 8873, Fort Lauderdale, Florida 33310; $3 per stack 
plus a shipping charge of $1.75 for the first stack and $0.80 for each addi¬ 
tional stack. Be sure to specify the preferred inductor type as scramble- 
wound red and green wire coils. 


encouraged to write to me requesting these induc¬ 
tors and to build this filter. 

I am serving as liaison between the C&P Tele¬ 
phone Company and Radio Amateurs for distribution 
of these surplus inductors. First priority for inductor 
delivery will be given to Amateur-Radio clubs active 
in some form of community service or civil defense 
work, and located in the area serviced by the C&P 
Telephone Company (Maryland, Virginia, West 
Virginia, and Washington, D.C.). Second priority 
goes to any club active in some form of community 
service. To obtain the free inductors, the club presi¬ 
dent or secretary should write to me requesting a 
specific number of inductors for a particular applica¬ 
tion. For example, if four club members wish to con¬ 
struct the CW filter, 40 potted inductors should be 
requested, and the names and call signs of the indi¬ 
viduals who will receive the inductors must be includ¬ 



ed. Those not affiliated with an Amateur Radio club 
may obtain free inductors by writing and providing 
details about their application. The priority of their re¬ 
quest will be determined from the information they 
provide. 

Each request must be accompanied with a stamped 
self-addressed envelope. My response will include 
packing and shipping costs. If more requests are 
received than there are inductors on hand, requests 
will be filled in order of priority until more inductors 
are received. All requests should be addressed to: 
Edward E. Wetherhold, W3NQN, 102 Archwood 
Avenue, Annapolis, Maryland 21401. 

installation and operation 

For satisfactory filter performance, some attempt 
must be made to terminate both ends of the filter in a 
resistive load approximating within 20 percent the 
design value of R t or one-quarter of R t ■ Fig. 5 shows 
a suitable terminating procedure for the filter of fig. 2 
(where R t = 1110 ohms ) in an audio system having 
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an impedance of 600 ohms. Of course, there will be 
some signal loss caused by the two 510-ohm series 
resistors, but the loss is not excessive, and it is easily 
corrected by simply increasing the receiver audio 
gain control. A Ik ohm resistor is wired across the 
THRU/BYPASS switch to prevent an undesired in¬ 
crease in headset level when switching from the 
THRU to BYPASS position. 

Other values of filter R t may be similarly achieved 
by the addition of proper series resistance. To do 
this, however, you must either know or determine 
the impedance of the receiver audio output and of 
the headset. In some instances, it may be necessary 
to add resistance in parallel with the f;lter input and 
output to obtain the desired filter termination 
resistance. 

Vacuum-tube receivers usually have an audio out¬ 
put impedance of 600 ohms, while the modern tran¬ 
sistorized communications receivers may have an 
output impedance of between 4 and 8 ohms. When 
the receiver output impedance is very low, the addi¬ 
tion of series resistance may not be feasible, because 
the audio output stage may not be able to provide 
sufficient output to overcome the excessive signal 
loss caused by the high value of series resistance. In 
this case, a matching transformer, such as the Radio 
Shack 273-1380 or equivalent, 8/1000 ohms center- 
tapped, should be connected with appropriate series 
resistors to provide a suitable match. A small 
115/6.3-volt filament transformer may also be used, 
since it has a suitable turns ratio for transforming a 4- 
ohm source to a round 1300 ohms, which is within 
the recommended ± 20 percent range of termination 
resistance (1000-1600 ohms) for f c values from about 
600-950 Hz. 

In addition to my experiences, several other Radio 
Amateurs have constructed this five-resonator filter 
design in which either the ten potted inductors 
described in this article or two five-inductor stacks 
were used.20 | n either case, the users were satisfied 
with the filter performance, and in many instances 
the filter made it possible to continue contacts which 
otherwise would have been lost. The filter bandwidth 
is wide enough to slightly shift the CW beat note 
within the filter passband, but the bandwidth is nar¬ 
row enough to provide the required selectivity for 
effective communications. 

summary 

The advantages of filter design using network syn¬ 
thesis were briefly discussed, and a design example 
was given for a passive five-resonator bandpass filter 
suitable for CW application. To minimize cost, sur¬ 
plus inductors were used, and procedures for obtain¬ 
ing ten of the 88-mH potted inductors at no cost 
(except for packing and shipping expenses) were 


explained. Performance of the completed filter was 
thoroughly documented with two attenuation 
response plots, and a table of filter component 
values and response parameters was included for 
center frequencies between 496-1087 Hz. A photo¬ 
graph showed how the filter components could be 
assemble j in a standard 3x4x5-inch (7.6x10x 
12.7 cm) aluminum box. A detailed appendix of de¬ 
sign equations provided information so the interested 
reader could apply the design principles to other fil¬ 
tering requirements. Background material and 
sources of additional information were provided in a 
reference listing of twenty books and articles. 
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appendix A 


design equations for the 
bandpass filter of fig. 2 

f c = i/[2^nTci\ (1A) 

where /, = center (geometric meanl frequency (Hz) 

LI = inductance (Henries) 

C/= capacitance (Farads) 

f, = U}.66/vCT (IB) 

where C/= capacitance (/iF) 

LI = ,?5. 7 mil 

Cl = 295.569.-hf; (1C) 

where Cl = capacitance l/rF) 

/./= 85.7 mil 

,, /,. « center frequency (Hz) 

/, = «'fi.oJw x HD) 

where all frequencies are in Hz. and//.o t and Jm x are the lower and 
higher frequencies at the ".v" attenuation level on the filter attenua¬ 
tion response curve (see fig. A-1). 

fill',, = f.sjtd C.2) (LI ’IJ’J (2A) 

where Cl and C2 are the lowpass filter element values normalized 
for an/,.,, of one rad/sec and one-ohm terminations. 

LI and L2 are in Henries 

:l t , is the peak level (dB) of the passband attenuation ripple. 

!l H'., is the bandwidth (Hz) at the A/, attenuation level (see fig. A- 
1) 


= 0 2 51, x ir/TT: 


where LL L2 - 0 0857 \HIHI(0 - 0 0625 

BU'. ( = 0 20285), (2C 

where G/ = 0.8265 and 02 - 1.1175 for a 5-resonator Chebyshet 
bandpass filter with reflection coefficient tliCl - t> .?/«•«•*•«/ 

/ill’, = 1.218 BW,, (3A 

where II II ) = 3-dB bandwidth of a BP filter for a 5-resonatoi 
Chebyshev BP filter with RC = 67 (n-rfrnt 

BW, = 0 mi. (3B 

ft, = 2ir <1.2 (12) (4A 

where ft, = termination resistance (ohms). See equations 2A. B, 
C for values of L2 and G2. 

ft, = 6.HI5BW,, (4B; 

for 1.2 'C.2 = 16 10 0857) I 7775 = / 1712 ! 13/5 = I 0252 

ft, = 920.5 s CT (4C 

where Cl = capacitance (/tF) 
ft, = resistance (ohms) 

ft, = I 693HI, (4D 

where/, and ft, are in Hz and ohms for l.l = 85 7 mil 

Cl = 2(Cli, 7.1 = 11.112 (5A 

where Cand L are in/iF and mH 

C2 = (CD-I, 1.2 = -Ht.l) (5B 

See fig. 2 for location of all Cs and Ls 

BW X = G* fftff.ip/ (6 A 

where BW. and ftH are the filter bandwidths at the ’V and A. 











Oxer’s 



Getting up at 5 AM is a pain: a pain 
everywhere in my body. I turn off the 
insistent alarm clock as quickly as I 
can to avoid disturbing my long-suf¬ 
fering wife more than necessary. I lie 
back again to rest my complaining 
muscles, sore .from yesterday's gar¬ 
dening. She says: 

"Hey! If you're going to the trouble 
to set the clock for 5 AM, you'd bet¬ 
ter get up!" I snap back from dream¬ 
land — she's right. Poor thing — 
she's wide awake now, while I'm 
barely alive. She should be the DXer! 

I groan and swing my feet out of 
bed. 

"Thanks, kid. I'm up now." 

'Think nothing of it, my man." We 
laugh, and I start fumbling for my 
bath robe and slippers. 

I flip on the switches on the gear 
and head back to the kitchen for my 
wake-up cup of coffee. In minutes 
I'm slumped in front of the receiver. 


only half awake, shivering a little. But 
I sip the coffee, and its warmth helps 
me slowly focus my thoughts. 

I start tuning 20. The band is very 
quiet; only a few signals, and these 
mostly buried in the mud. Hey, 
there's one a little stronger — let's 
copy him and see where he is. OK, 
it's VK4RF. Boy, he's not very 
strong. Bob, you turkey, why don't 



you try turning the antenna to the 
west instead of north? Sometimes 
I'm so dumb even / notice it. I haul 
the antenna around, but the VK4 is 
gone now. So I tune on. 

The band sounds a lot better now; 
many more signals. I find several loud 
VKs. There's a ZL, nice signals, too. 
OK, there's ZK1CT; a nice catch, but 
I already have him. I hear a weak sig¬ 
nal — I switch in the audio filter and 
tune him in better — oh! OK, it's 
YU3DX, probably trying to help open 
the long path. 

I look over my blackboard where I 
keep notes on the various DX stations 
I'm chasing. There it is, taking up a 
quarter of the board: 
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VK9NV 14042 at 1117Z 4/19 
14047 at 1140Z 4/22 
14064 at 1157Z 4/25 
(reports all gleaned from 
my DX bulletins.) 


The pattern is pretty clear. The VK9 
likes 1100 Zulu, so here I am plighting 
my troth, as it were. 

This VK9 has been a real hard-luck 
story for me, with hours and hours of 
lost sleep piled up, and absolutely 
nothing to show for it. No wonder 
DXers grow gray hair. 

If I get up at 5 AM on Tuesday, 
Wednesday, and Thursday, next 
week's bulletin is full of reports on his 
operations Monday and Friday. If I 
get up every night for a week, that's 
the week he's on vacation, or his 
antenna falls down. My buddies all 
catch him one night — the week / 
was on vacation! If I get up every 
night at 1100Z the week after he 
returns from vacation, he starts oper¬ 
ating at 0900Z instead of 1100Z. If I 
discover that he has a sked with his 
QSl manager, a VK6, at 1000Z, sure 
enough — we get a disturbance and 
the band is dead. 

But hope, the lifeblood of a DXer, 
springs eternal. Maybe today's my 
chance, in this forsaken hour of the 
dawn. 

I move the receiver dial to 14040 
and begin an intensive tune up the 
band. As I cross each signal, I try to 
identify it as to its possible location. 
The only strong signals I'm hearing 
are VKs and South Pacific stations. 
The weaker signals are faint Euro¬ 
peans, back-scatter Americans and 
Canadians, and the occasional 
crooked-path JA. 

I have some other clues of my prey 
besides hints of his operating habits. 
His name is Nigel. He has a very 
clean, pretty fist, but doesn't appear 
to be any speed demon. His signal is 
clean, and of average strength for the 
VKs and ZLs. I obtained all this infor¬ 
mation from my pals who worked him 
and from the bulletins. 

His QTH, Norfolk Island, lies off the 


eastern coast of Australia and is an 
easy propagation shot, which com¬ 
pounds the difficulties. It means that 
there are more hours of the day that 
the path is open; more hours to 
watch. And all at the wrong times. 
Like at 1100 Zulu. 

Finally, I'm really beginning to 
wake up. I keep tuning. Signals seem 
to be building slowly as sunrise ap¬ 
proaches. There's VK5FM calling CQ. 
There’s a weak signal — yes — it's 
JA0CUV/1. There's a louder one - 
"NAME HR TREVOR," and another, 
"QTH SYDNEY? SYDNEY." 

I hear "579 HR IN PORT 
MORESBY," "CQ CQ DE VK6RU," 
"73 SK N6RJ DE H44PT." The band 
really is in pretty nice shape. I look at 
the dial calibration — 14082. I spin 
the receiver back down the band. 
Guess I'll try starting at 14030 this 
time. I start my climb back up the 
band. 

A thought hits me. I pick up my 2- 
meter microphone. "Hey, anybody 
alive out there? Here's W9KNI." 

"Yeah, good morning Bob. W9KNI 
here's K9BG. What are you doing up 
at this hour?" 

"Hey, good morning Jerry. Yeah, I 
guess it's morning. I'm looking for 
VK9NV, again. I'm tuning 20 CW for 
him. What are you doing up?" 

"I thought I'd have an early look 
around 80 CW. I still need that zone 
29 on 80, and VK6RU has been down 
there, so I'm told. But all I hear on 80 
is loud QRN, and KH6XX, and he's 
not very strong. So I'm working over 
40 CW now." 

"Yeah, OK Jerry. Well, don't 
waste your time on VK6RU; I heard 
him here on 20 a couple of minutes 
ago calling CQ. Guess 80 must be no 
bargain at his end either this morn¬ 
ing." 

"OK, Bob, thanks. But 40 isn't too 
bad; I'm hearing lots of ZLs and VKs, 
and some good JA signals, too. If I 
hear that VK9, I'll call you for sure. 
W9KNI from K9BG." 

"Fine, Jerry and thanks. If I hear 
anything good on 20, I'll call it in. 
K9BG from W9KNI." 


My coffee cup is empty, so I run 
upstairs for a refill and am back at the 
rig in a few moments. Signals seem 
to continue to build up. I glance out 
the basement window, to see the first 
glimmer of the approaching dawn. I 
begin to tune up the band again. 
There sure are a lot of VKs on. But 
wait! It's Friday morning here and 
they are on the other side of the date 
line, so it's Friday evening there and 
they're starting their weekend. Sure 
wish I was. No wonder there are so 
many of them out. 

I continue to try to identify signals. 
The clues I have are a big help; when 
I hear "OP HR TREVOR" I know it 
isn't my boy Nigel. "QTH HR 
DARWIN" means QTH here isn’t Nor¬ 
folk Island. I listen to all CQs but 
usually have to wait only a few 
seconds before the station calling 
signs his call. 

With more and more signals com¬ 
ing up, it's slow going. I glance at the 
clock. It's 5:35, 1135 Zulu. If my intel¬ 
ligence information is correct, he cer¬ 
tainly should be on by now. I keep 
tuning, inspecting every signal close¬ 
ly. Some I can dispose of in a 
moment; others take several minutes 
before I obtain an adequate identifi¬ 
cation. And there's one QSO going at 
14055 where the two stations are 
breaking back and forth without ex¬ 
changing callsigns. 

Unfortunately, one of the two sta¬ 
tions in the QSO perfectly meets the 
profile I'm using, to the extent that I 
can observe and glean information 
from what I hear. Nice, clean steady 
fist, average signal strength, and hav¬ 
ing a good old-fashioned ragchew 
with his buddy. "WX HR DRY TO¬ 
DAY." That's no help. Being dry is 
relative, it could be a dry day any¬ 
where. If the mystery station had said 
it was snowing, I could tune on with 
confidence, because snow on Nor¬ 
folk Island is highly unlikely! 

I continue to listen for a few 
minutes, but no call signs. I can't af¬ 
ford to stay here too long — if one of 
the stations isn't the VK9 — and the 
odds are certainly against it — the 
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VK9 might be 5 kHz away and I'd 
never know it. 

I decide to make note of the fre¬ 
quency and set my transmitter VFO 
on it and move on. That way I can 
keep jumping back to check out that 
QSO in hopes of finally catching a call 
sign. 

My 2-meter radio squawks, 
"H44PT, H44PT Seven Oh Two Nine, 
Seven Oh Two Nine, that's H44PT, 
Seven Oh Two Nine, from K9BG." 
Hmmm. So that H44 on Guadalcanal 
moved to 40. OK. I was thinking of 
taking a look at 40, but with Jerry 
there watching, I'll concentrate on 
20. 

I zip back to the mystery QSO. 
Phooey — they're still going strong, 
and no ID. The worst of it is that a 
rare station who wanted a ragchew 
with his pal would do it exactly that 
way to avoid attention; but that's no 
guarantee that these fellows are rare. 

I tune further up the band again. 
Lots of signals, but no goodies. I 
jump back to the mystery QSO. 

"OK GEOFF TNX FOR KEEPING 
SKED QSP 88 TO HELEN ES 73 UR 
KIND SELF CU NEXT WEEK." Hah! 
One of them's signing clear. I check 
my VFO to see that I'm zero beat. I'm 
ready. "CHEERS VK6RZ DE VK70T 
SK." 

Rats! Nothing therefor me. 

The basement lights blink: a signal 
from my wife that she wants to talk to 
me. I lift up the headphones. 

"Bob, I've made a cheese omelet 
and some sausage. Would you like 
some breakfast?" 

Any remaining resolve to rough it 
out on the line of scrimmage instant¬ 
ly evaporates. 

"Great. I'd love some. I'll be there 
in a second." 

"OK, I'll pour you some fresh cof¬ 
fee." 

I pick up the 2-meter microphone. 
"Jerry, I'm going to get some 
breakfast. Call me if you find 
anything. I'm leaving the volume 
turned up. K9BG from W9KNI." 

"OK, Bob. Go ahead. I'll be here a 
while. W9KNI from K9BG." 


An omelet, sausage, and hot cof¬ 
fee; a real treat compared to my usual 
roll eaten at my desk. 

"No luck, huh?" my wife asks, as 
she sets my plate in front of me. 

"No, I think I'm snakebit on that 
one. How come you're up so early?" 

"Once the clock went off I couldn't 
go back to sleep, so I thought I'd fix 
us a nice breakfast since we're both 
up." 

I'm nearly finished with my break¬ 
fast when my 2-meter radio howls 
from the basement, "Hey, Bob! 
W9KNI, there he is! Hurry. W9KNI 
from K9BG. He's on 7019 calling 
CQ!" 


In a very few seconds I'm in front 
of the rig, swallowing the rest of my 
sausage. I grab the 2-meter micro¬ 
phone. "OK, Jerry, thanks. I'm get¬ 
ting tuned up. If no one comes back 
to him, why don't you work him to 
hold him on the frequency? K9BG 
from W9KNI." 

"OK, he's signing now." 

I yank the receiver bandswitch 
down to 40 and spin the dial to 7019. 
With the other hand I switch the 
bandswitches on the exciter and the 
linear. Then I turn the antenna switch 
and preset the dials for a fast tune up. 

"OK, Bob. He's got two or three 
people calling him. Hear him OK?" 


I have the receiver on him now. 
Yes, there he is. "K0MM K0MM DE 
VK9NVGMOM..." 

"OK, Jerry, I hear him. Thanks a 
lot." I move my VFO a couple of kHz 
above him and start tuning. The line¬ 
ar plate current, grid current, and rf 
output start climbing as I advance the 
exciter drive control. Then, it hap¬ 
pens: suddenly, no output! Hey — 
almost at the same instant, the acrid, 
smoky smell of a hot component 
burning assails my nose. Startled, I 
look at the exciter, just in time to see 
a column of smoke dissipating over 
the final-amplifier compartment of 
the exciter. Oh, no! 


"He's signing clear, Bob. Are you 
ready?" 

"Ugh. Jerry, my rig just blew up. I 
smell smoke from something, I don't 
know what. I'm going to try to fix it 
as fast as I can. K9BG here's 
W9KNI." 

"Gosh, Bob. Sorry to hear that. 
You are snakebit with that guy. I'll let 
you have at it. W9KNI from K9BG 
clear." 

"Thanks, Jerry." 

It's panic time. If I'm quick, maybe 
I can fix the rig while he's still on. 
Plug in the soldering iron. Grab the 
Phillips screwdriver, the side cutters, 
the needle nose pliers and the solder 
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from the tool kit. Grab the VOM. Un¬ 
plug the exciter. Pull off the coax 
cable and the control cables. Jeez\ 

Lift the top lid. Out come the two 
screws there. Put them on top of the 
receiver so they won't get lost. 

Up on its back. Off come the feet. 
OK, turn it over again. There, OK. 
Gingerly, now, slide it out of its case. 
There, OK. Now up on its side. 

I don't have to look far to see the 
source of the smoke. Underneath the 
final compartment I find a charred, 
blackened corpse of a 2-watt resistor. 
Must be a part of the screen circuit. 
There's no hope of reading the value. 
The color-coding stripes are only 
blackened faint scars on the blistered 
body. 

I put the VOM across the part. 
Hmmm. I get a reading approaching 
one megohm, probably from other 
circuit elements. I yank the manual 
for the rig out of the file drawer and 
open it to the circuit. Then I begin 
draping the schematic foldout across 


the table. I find the section showing 
the final and fold the drawing mostly 
back up, so that I don't cover all my 
tools. Time, precious time! 

Yes, there is a 2 watter. Let's be 
sure it’s the one. Yes, it appears to be 
the only one in the final cage. And 
yes, it goes from that pin terminal 3 
with the jumper to the other tube, 
and to the tie point where that point 
oh-one disc cap is. Yes, that's got to 
be the part. OK, it's an 18k resistor. 

I jump over to the work bench and 
pull down the coffee can marked 
resistors. Lessee here. "Bad boys..." 
OK. Brown, Gray, Orange. Sure hope 
that I have one. That isn't the most 
common value. 

I dump the contents of the can 
across the table. Hey, there's one! 
Maybe my luck is turning after all. I 
grab it and almost instantly I'm back 
at the rig. I look at the leads of the 
burnt resistor. While the ends of its 
leads are not particularly inaccessible, 

I decide to use the existing leads of 


the old resistor to carry the new com¬ 
ponent, in the interest of speed. 

Snip, snip, with the side cutters, 
and the old resistor is out. A few 
moments work with the needle nose 
pliers, and the new resistor is sup¬ 
ported by the leads of the old one. A 
touch with the soldering iron on each 
end, and the part is in. I cut the ends 
off it, then slap the ohmmeter across 
the circuit. OK, it's showing 17k 
ohms. Close enough. I unplug the 
soldering iron, and slide the tools out 
of the way. 

I know I'm cheating a bit. I'm mak¬ 
ing the supposition that my rig prob¬ 
lem is only and completely the failed 
resistor. If there's another problem 
that caused the resistor failure, I've 
done nothing to find it. 

I know I'm gambling — but if I'm to 
have any chance to snag that VK9, 
the rig has got to work now. The time 
necessary to check out the adjacent 
circuitry would surely cost me any 
chance of a shot at the VK9. 



ap ril 196 1 MB 29 




the “ 
rniiinitc 

IAMBIC 

i’aihhj: 

WRITE FOR LITERATURE 

BencHeRjnc 


Standard S 42.95 
Chrome S 52.95 
Gold plated SI 50.00 

Full range of adjustment in 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 

Gold plated solid silver contact 
points. 

• Polished lueite paddles. 

• Precision-machined, chrome 
plated brass frames. 

• Standard model has black, 
textured finish base: deluxe 
model is chrome plated. 

• Heavy steel base, non-skid feet. 

At selected dealers or add $2.00 
handling. Quotation for overseas 
postage on request. 





□ For Home TV, Ham Radio and CB. 

□ Up to 18 sq. ft. antenna capacity. 

□ Available to 64' in 8' sections. 

□ All riveted construction — 
no welds. 

□ Beaded channel leg for added 
strength. 

□ All steel — galvanized for added 
life. 

□ Can be used with Concrete Base 
Stubs, Cylinder Base or Hinged 
Conarete Base. 


OK. I set the rig on its bottom and 
frantically start plugging in the vari¬ 
ous cables — coax, keyer, AC, PTT 
line, linear control. Forget the cabi¬ 
net; I'll just be careful to keep my fin¬ 
gers out of it and put it back in later. 
Nobody watches TV at this hour of 
the morning anyhow. 

With all the cables plugged in, I 
switch on the rig. So far, so good; 
the VFO dial face lights up, as does 
the meter pilot lamp. 

"Hey, W9KNI from K9BG. Bob, 
are you having any luck?" 

"OK, Jerry, I just replaced a smoked 
resistor and the rig is warming up. I 
haven't tested it yet. Is he still there?" 

"Yes, he is, but he’s a little bit 
weaker. I think he's workable, 
though." 

"OK, if the rig works I should be 
ready now. Cross your fingers! K9BG 
from W9KNI." 

I close the push-to-transmit switch. 
The relays pull in. Uh oh! No plate 
idling current showing on the exciter 
meter. That's a bad sign. I start to 
apply a little drive. Just then I hear a 
faint click, and a puff of smoke rises 
from the back of the rig. 

Rats. Aaaagh. Ah, Phoooey. Darn. 
Son of a gun. Heck. Aw, shucks. 
Ouch I (Actually, that's not what I 
said, but, you know...) 

Well, I gambled and lost. I would 
do it again the same way under the 
same circumstances. 

"Hey Bob, he just went QRT. He 
said he'd be back tomorrow though. 
Did you get your rig working?" 

"No, Jerry, but thanks. It figures. I 
really am snakebit on that guy. Well, I 
hope I can fix the rig by then. Hey, 
it's after seven. I have to get dressed 
and get out of here. I'm late. See you 
tomorrow, Jerry. Thanks for your 
help. K9BG here's W9KNI, clear. 
Good morning." 

"OK, Bob. Hope you get it going 
OK tonight. 73, have a good day. 
W9KNI from K9BG, clear." 

I turn off everything, and head up 
the stairs. It's going to be a long day 
— but it can only get better from 
here. And there's always tomorrow. 

ham radio 






transient protection 

for the Collins 516F-2 power supply 


Solid-state devices 
provide 
improved efficiency 
and reliability 


Power supply failures that seem unexplainable 
have been experienced by most of us at one time or 
another. In our haste to get back on the air, we prob¬ 
ably resolved the problem by inserting a new tube, a 


voltage potential of the Collins 516F-2 power supply. Paul Pagel. 
N1FB, made modifications to his supply using virtually the same 
method as described by W6AD. However, while working beneath the 
power-supply chassis, N1F8 added a 100-volt, 1-watt zener (HEP 
Z0438I between R8and R9 junction and ground. This device held the 
bias voltage to within a volt or so of its set value, whereas before this 

transformer load during^W keying. Editor. 


capacitor of higher voltage rating, or a larger fuse. It 
is the intention of this article to emphasize an ever¬ 
present danger of catastrophic failure from voltage 
transients, and to recommend power supply modifi¬ 
cations that reduce that danger. 

I*ve heard that if the cost of transient protection is 
considered to be high, then so is the cost of a good 
safety belt. It is true that the replacement costs for 
new transformers, rectifiers, and meters may be rela¬ 
tively high by comparison. 

The Collins 516F-2 power supply was selected as 
the subject of this article primarily because more than 
30,000 of these units are believed to be scattered 
around the Amateur community. In this article, appli¬ 
cation of transient protection and substitution of sili¬ 
con rectifier assemblies for hard vacuum tubes is ex¬ 
plained, using the 516F-2 as an example. The infor¬ 
mation is general enough, however, that it can be ap¬ 
plied to most power-supply modifications. 

At a minimum, modification should include the ad¬ 
dition of primary transient protection. The poor 5R4, 
as used in the 1516F-2, was rarely if ever run within its 
ratings; this should be reason enough for substi¬ 
tuting silicon rectifiers for hard vacuum tubes when 


By Ozzie Jaeger, W6AD, P.0. Box 685, 803 
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modifying any power supply for transient protection. 

Like antennas, transient protection is a subject of¬ 
ten discussed but not always well understood. This 
article is not intended to rectify that situation; in¬ 
stead, it provides the important, basicfacts in a simple 
manner, so that modifications can be made without 
need of complex charts or mathematical formulas. 

This article answers the following important ques¬ 
tions; 


ease of installation, and parts availability) is con¬ 
sidered appropriate for modification of the 516F-2 
power supply. Before that choice is identified, the 
various techniques are briefly discussed. 

Transient protection methods are classified as 
follows: 

1. RC networks 

2. Silicon voltage limiters 


1. What changes are needed to the supply? 

2. Where do I get the materials, and how much will 
they cost? 

need for transient protection 

Suppression devices (or clippers, if you prefer) are 
used to protect against possible damaging effects of 
power line or internally generated transient voltages. 
These transients have been known to cause com¬ 
plete destruction of semiconductor as well as tube 
devices. Damage occurs when transient voltages ex¬ 
ceed the maximum limits of power supply compo¬ 
nents. The sources of these transients are well 
known and are not discussed in detail here. They 
generally occur as a result of the familiar basic rela¬ 
tionship: 

e L m - Ldi/dt (1) 

where e = voltage across inductor (volts) 

L = inductance (henries) 
i= current (amperes) 
r = time (seconds) 

This equation can be interpreted to mean that any¬ 
thing causing rapid switching of a high current is 
liable to generate a troublesome transient. Typical 
examples are: 

1. Energizing or de-energizing a transformer primary 
(turning the supply on or off) 

2. Connecting or disconnecting secondary loads 

3. Semiconductor switching, such as by an SCR, or 
reverse recovery transients in the rectifiers them¬ 
selves 

4. External disturbances from motors, solenoids, or 
relays that share the same power line 

Transients of widely varying magnitudes are found 
in all electrical systems; some of them can be highly 
damaging. 

circuit applications 

There are several methods of transient suppres¬ 
sion; some are more effective than others, depend¬ 
ing on circuit complexity. Only the one which lends 
itself best to Amateur applications (that is, low cost. 


3. Metal oxide varistors 

4. Selenium suppressors 

RC networks. These are relatively inexpensive and 
provide excellent performance when used in con¬ 
junction with other means of transient protection. 
RC components are often quite large, especially 
when connected across the secondary of the power- 
supply transformer. Nevertheless, they are used 
widely in applications from small power supplies for 
transistors or integrated circuits to hard contact 
starter/contactor applications. For design purposes, 
the maximum energy expected to be present during a 
transient should be known. Energy is expressed as: 

E max = 1/2 Li 2 or 1/2 CV 2 (2) 

where E max = 1/2 Li 2 or 1/2 CV 2 
V = voltage (volts) 

C = capacitance (farads) 

A typical RC circuit is illustrated in fig. 1. A small ac 
current flows through this circuit under steady-state 
operating conditions. In the event of a transient, 
large currents flow for brief periods. The resistor re¬ 
duces the secondary circuit Q and absorbs some of 
the transient energy. I feel that the complex details 
needed to provide design information for the RC cir¬ 
cuit is probably not of interest to most Amateurs. 
However, those wishing further details should send a 
self-addressed, stamped envelope to the author. 

Other types of suppressors are often used in com¬ 
bination with RC networks to provide better suppres¬ 
sion. When used with the MOV (metal oxide varistor) 
or break-over diodes, the RC network provides a 
higher level of energy absorption. The tradeoff here 
is one of economy, since the combination allows 
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lower-voltage power supply components to be used. 

Special silicon voltage limiters. These devices 
consist of back-to-back avalanche diodes (zeners) 
constructed on a single substrate. In the circuit, one 
diode is always in the conducting mode, while the 
other is in the blocking mode, as illustrated in fig. 2. 
Much more can be said about this device and its ex¬ 
cellent protection characteristics, but despite its 
good points, it is much too expensive for typical Am¬ 
ateur equipment. The silicon limiter is temperature 
sensitive; special care should be taken to ensure ade¬ 
quate heat sinking to keep its case temperature be¬ 
low about 260 F (1250. 

Metal oxide varistors. These are zinc oxide/ 
bismuth oxide ceramic devices. When used for tran¬ 
sient protection, varistors act as clippers of incoming 
transients or transients caused by switching transis¬ 
tors. The power dissipation capability and current 
and voltage ratings are temperature dependent, so 
it’s important to know the ambient conditions under 
which they will be operated. The manufacturers 
derating curves are generally available and should be 
consulted to establish temperature compatibility. 

Metal oxide varistors also have a high capacitance 
characteristic, which limits their use to relatively low 
frequencies; however, since most Amateur applica¬ 
tions use power-line frequencies, this should present 
no problem. 

Selenium transient suppressors. Probably the 
type best suited for Amateur applications, selenium 
suppressors provide transient protection because of 
their sharp reverse voltage breakdown characteris¬ 
tics. They are available in either dc (polarized) or ac 
(nonpolarized) types, and each has an rms and dc 
rating of 24 volts per cell. When the unit is connected 
across the transformer primary (where most of the 
units will be used), it will draw a small, constant 
amount of current. However, in the event of over¬ 
voltage, a much larger amount of current will be 
drawn through the device for a very short period of 
time; this will limit the maximum voltage applied to 
the transformer primary, thereby possibly preventing 


a catastrophic failure of a rectifier or filter component 
on the secondary side. 

Selenium suppressors are available either in the ax¬ 
ial lead or series metal plate type. Ninety percent of 
existing Amateur equipment includes power supplies 
in the 25-400 watt range. The small axial lead sup¬ 
pressors are entirely satisfactory for these units. If 
space permits, or in case you're interested in protect¬ 
ing a really large power supply, the 1-inch, 114-inch, 
or even the 2-inch selenium units should be used. It 
may be comforting to know that the large Voice of 
America broadcast station transmitters, with ac pri¬ 
maries up to 480 volts, use selenium suppressors ex¬ 
actly like those shown in the photographs. In addi¬ 
tion, many large steel mills and foundries, and broad¬ 
cast and TV stations use selenium suppressors of this 
type in their high-voltage power supplies. The fact 
that selenium suppressors are used in mountain-top 
and other difficult-to-reach telephone installations is 
testimony to their effectiveness. 

Selenium units operate effectively in ambient tem¬ 
peratures up to 120 F (49 C). This characteristic 
should not be a problem for Amateur equipment. 
Finally, selenium suppressors have an energy-ab¬ 
sorbing ability that is measurably better than that of 
any of the other devices discussed. 

modifying the 516F-2 

The importance of adding transient protection to 
power supplies has now been established, and the 
selenium type has been selected as the best choice 
for Amateur use; therefore, modification of the 
516F-2 can now be described. Proceed as follows: 

1. Remove blue wire from pin 2 on V2 (5U4 socket) 



The Collins 516F-2power supply after modification. The 
silicon replacement rectifiers substitute for the rec¬ 
tifier tubes. 
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2. Mount a new 25-watt, heat-sink-type resistor on 
back chassis apron between VI and V2 sockets (100 
to 200 ohms) 

3. Connect blue wire taken from pin 2 of V2 to the 
end of the new resistor being added 

4. Connect other end of resistor to pin 2 of V2 

5. Wire axial lead transient suppressor across trans¬ 
former primary. Make the connections to one side of 
the fuse (ring section, not tip) and to the triple tie- 
point that already contains two black wires 

6. Plug in the 5U4 and 5R4 silicon rectifier replace¬ 
ment units 

After completing the modification (fig. 3) you'll 
find that the low voltage will be approximately the 
same as originally, but there will be 40 to 60 addition¬ 
al volts on the 6146 plates. To bring the static current 
back to its original value, readjust the bias pot. 

While there is no danger in applying an additional 
50 volts or so to the 6146s, the higher voltage that 
would be obtained in the low-voltage circuits could 
be disastrous. This explains why the 25-watt resistor 
is added in step two of the modification instructions. 
If you succumb to the temptation to leave this 
resistor out, you may achieve slightly higher power 
output, but you also guarantee shorter tube life. 
Considering the presently high cost of vacuum 
tubes, these extra few watts may be very expensive. 

After completing the modification, you may notice 
that applying high voltage while the equipment is still 
warm may cause the multimeter to momentarily pin 
itself. To avoid possible damage to the meter assem¬ 
bly, a silicon meter protector should be installed 
across the meter terminals. This should consist of a 
pair of back-to-back 1-amp silicon diodes. These di¬ 


odes should be chosen to have matching forward 
voltage drops. 

The system including the power transformer will 
now run considerably cooler, because the two hard 
vacuum tubes have been eliminated. Also, the fila¬ 
ment voltage at the receiving end of the long power 
cable will be closer to the proper value. 

In case you decide to home-brew your own silicon 
plug-in rectifier units, first consider the actual operat¬ 
ing voltages and select the diodes accordingly. A rule 
of thumb that will keep you out of trouble with a full- 
wave rectifier is the following: use silicon rectifiers 
whose PIV (peak inverse voltage) rating is equal to 
three times the total secondary rms voltage. This rule 
includes an adequate safety factor if you also include 
transient protection. In the 516F-2 supply, the rms 
voltage between pins 4 and 6 of the 5R4 with 120 



Close-up of underside showing the rectifier sockets 
and the new 25-watt resistor mounted on the rear 
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volts across the primary is approximately 2,050 volts. 
Using our rule of thumb, the PIV rating of the silicon 
rectifiers used to substitute for the 5R4 should be no 
less than 6,000 volts. 

For the low voltage supply, the silicon rectifiers 
should be rated at 2,500 volts or more. The rule is 
based on the fact that one diode is conducting while 
the other is back-biased; this means the back-biased 
diode sees the full secondary voltage, whose peak 
value is 1.414 times the rms voltage. We multiply this 
number by two to provide a safety factor. The safety 
factor takes into account transients tha't will exist 
despite transient protection but which will be re¬ 
duced in amplitude. Computed in this way, the sili¬ 
con diodes should last indefinitely. 

In summary, this article has defined and dealt with 
transient protection in a simple and uncomplicated 
manner. Modification of the Collins 516F-2 has been 
the subject for modification, but other supplies may 
be modified in a similar fashion. 

Silicon rectifiers are not as forgiving as vacuum 
tubes. They do not provide early warning by glowing 
red — they simply die. On the other hand, silicon op¬ 
erates cooler and is more efficient. 

The silicon rectifiers in your power supply can last 
a lifetime if their PIV rating is adequate and if the sup¬ 
ply includes transient suppression. 

Components needed to make the modification can 
be obtained from OZ-COMM Co., P.O. Box 685, 803 
Seacliff Drive, Aptos, California 95003. Send a self- 
addressed, stamped envelope for further informa¬ 
tion. 

ham radio 


36 [S3 april 1981 




ham radio 


TECHNIQUES 


Happy birthday 10 meters. March 
7, 1981 marks the fifty-third anniver¬ 
sary of the opening of the 10-meter 
Amateur band. Can you imagine 
what Amateur Radio was like in 1928, 
particularly before the 10-meter band 
was opened for Amateur communi¬ 
cations? 

The International Radiotelegraph 
Conference, held in Washington, 
D.C., in 1927, set the pattern for 
Amateur Radio that lasts until this 
day. Gone were the huge Amateur 
bands informally assigned in the 
“useless" high-frequency spectrum. 
In their place were new, narrow 
bands and a new system of Amateur 
calls to indicate nationality. Amateur 
Radio had narrowly escaped the fate 
recommended by the Canadian dele¬ 
gation to the Conference, "...(I do) 
not think that Amateurs should ever 
be given any wavelengths that are 
known to be useful for any commer¬ 
cial or government communication, 
and...they should always be obliged 
to stay within territory...regarded as 
completely useless...." 

From this grim atmosphere 


Amateur Radio grew and prospered. 

Impossible to see at the time was 
the future benefit to Amateur Radio 
of a brand-new band assigned for 
"Amateur experimental" purposes at 
28,000 to 30,000 kilocycles. In the 
1928 QST editorial discussing the 
Conference and its immense changes 
to Amateur Radio, the new "IO¬ 
meter band" was mentioned only in 
passing. After all, everyone knew it 
was a quasi-optical, "line-of-sight" 
band and probably worthless, other¬ 
wise it wouldn't have been tossed to 
Amateur Radio, as a bone is tossed to 
a dog. 

Of greater concern to the average 
Amateur was the fact that the 40- 
meter band had been slashed from 
7,000 to 8,000 kilocycles (to 7,000 to 
7,300 kilocycles), and the 20-meter 
band had been severely cut from the 
assignment of 14,000 to 16,000 kilo¬ 
cycles (to 14,000 to 14,400 kilo¬ 
cycles). How could you cram more 
than 16,000 Amateurs into bands 
only a few hundred kilocycles wide? 

The February, 1928, editorial in 
QST summed it all up: "We didn't get 


as great privileges as we wanted or as 
great as we think we were entitled to, 
but we got all that we were able to, 
with loyal and powerful assistance 
from our government. Some of our 
(ARRL) members do not understand 
how the attitude of foreign govern¬ 
ments could have any effect upon 
what our government does for us. 
They forget that radio is an interna¬ 
tional affair and that it has to be 
governed by international treaties." 

welcome to 10 meters 

For several years experiments had 
been conducted by Amateurs "on the 
5 meter wave" of about 50,000 kilo¬ 
cycles (50 MHz). Aside from cranky 
receivers and erratic transmitters, the 
band looked promising for short- 
range work. A few Amateur experi¬ 
mental stations had been given 
authority to work on 10 meters in 
1927, but with dubious results. The 
new band was a complete blank. And 
it couldn't be used by Amateurs until 
April first. The only bright outlook 
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10-METER OSCILLATOR THAT WILL 
WORK WELL. AS WILL A LOT 
OF OTHER KINDS 

Cl and C2 Stopping condenser*, had better be of 
mica and with capacity of 200 picos or more. 

C3 By-pass condensers. Good if large enough. 

C4 100 picos max. will serve. 

LI Cat and try. 

L2 One 3" torn of tnbing or strap firmly screwed 
to C4. 

R.F.C. 2" windings No. 36 doable silk or single 
cotton on 14" core. 

Feed the antenna from L2 by any method yon like. 



There mast be a separate B supply at least and 
it is best to use separate filament transformers. Do 
not use centertaps on transformers bat ase resistance 
centertaps instead as shown. 

LI Cut and try—depends mostly on the tube. 

L3 & 2nd L2 One turn copper srip or tube, di¬ 
ameter 3* as a start. 

Cl Bypass condensers, large enough. 

C2 Depends on the tube, 200 picos maximum may 
do. 

C3, C4 and C6 Stopping condensers, must stand 
plate voltage, plus some r.f. and should have 
capacity of 200 picos or so. 

C5 100 picos max. is enough here. 

R.F.C. For the oscillator %" diameter and 2" long 
with winding of one layer No. 36 double silk 
or single cotton. For the amplifier reduce 
diameter winding to 14"- Put the chokes at 
the job—not a foot away. 


fig. 1. A simple oscillator using a UX-210A or 210 tube was suggested as a beginner's transmitter for 10 meters. B. As the 
caption indicates, specific information was rather sketchy. In B, an oscillator-doubler transmitter provided better 
stability lit was hoped!. No reason was given as to why separate power supplies were recommended. Using these cir¬ 
cuits. there must have been rf all over the shackl (Drawings reproduced from the May. 1928, issue of QSr.l* 


was that two experimental stations, 
ef8CT (France) and nu2JN (U.S.A.) 
had made contact on 10 meters on 
January 1, 1928. Perhaps the band 
did have DX capabilities (or maybe it 
was just a freak contact). Only time 
would tell. As far as was known, only 
seven Amateurs had been authorized 
for experimental tests on 10 meters. 
Plenty of listening had been done but 
few reports of contacts made. 

A small squib in the back pages of 
April, 1928, QST announced the offi¬ 
cial opening of the 10-meter band. 
The May, 1928, editorial enlarged 
upofi the new band, commenting, "It 
is generally thought to be worthless 
because something happens to 


waves shorter than 12 or 13 meters, 
which keeps them from producing 
useful signals even at the antipodes 
except under rare or freakish condi¬ 
tions. Eminent engineers have told us 
that the secret of the 10-meter band 
lies in devising a method of controll¬ 
ing the angle of radiation, (italics 
mine) that if we can find this we will 
have 10 meters tamed. No more fer¬ 
tile field for the Amateur experi¬ 
menter was ever offered. Lasting 
fame and glory awaits the suc¬ 
cessful." 

A few hints were given for getting 
on the new band. 1 A modest begin¬ 
ner's transmitter circuit was shown in 
QST (fig. 1). This one-tube oscillator 


worked directly on 10 meters. Either a 
UX-201A or a 210 could be used, 
depending upon available plate 
voltage. As you can see, specifica¬ 
tions were comfortably vague, and 
the builder was advised to listen for 
the second harmonic of commercial 
radiotelegraph station WIK, which 
fell close to the center of the 10-meter 
band. As to the receiver, almost any¬ 
thing would work, it was said. "Just 
take turns off the detector coil until 
you heard WIK." 

10-meter results! 

April 1, 1928, was the big day. The 
first two-way 10-meter contact was 
between nu6UF (Knowles, California) 


‘Note the quaint captions on these drawings: one of the many devices that made QST so enjoyable in the old days. 
Editor. W6NIF 
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fig. 2. The nu8EX transmitter used for the first two-way 
10-meter contact had a pair of 210 tubes in a self-recti¬ 
fied oscillator circuit. Alternating current at line fre¬ 
quency was applied to the plates of the tubes from the 
transformer at the right of the circuit (secondary only 
shown). With the low-C tank circuit and ac plate sup¬ 
ply, the transmitter note must have been terrible! But it 
was good enough to do the job. (Drawing reproduced 
from the August. 1928, issue of QS 71. 


FULL-WAVE SELF-RECTIFICATION IS 
USED BY 8 EX WITH THIS REINARTZ 
CIRCUIT ARRANGEMENT 


and nu8EX (Cleveland, Ohio). The 
whereabouts of the original 8EX is 
unknown, but 6UF is active, on the 
air, and a close friend of mine. I called 
Bill Eitel (W6UF, now WA7LRU) on 
the telephone and asked him if he still 
recalled that historic contact. He did, 
and he told me all about it, and this is 
what he said, as near as I can recall: 

"I remember it all very clearly. I 
was living in Knowles, California, in 
the foothills of the Yosemite. There 
was a big granite quarry in Knowles. 
All the granite for the Los Angeles 
city hall came from Knowles. 

"One day I got a large, natural, 


quartz crystal from a creek in the 
quarry. It was about 8 inches long 
and 2 inches in diameter. A friend 
working in the quarry cut it into 
several rectangles on a stone saw, 
then I cut it into rough crystal blanks 
with hacksaw blades and carborun¬ 
dum. From one of the blanks I cut a 
good 160-meter crystal. It took days 
of work to get a crystal that oscillat¬ 
ed, but I did it. The original crystal was 
anchored in plaster of Paris so it 
could be placed into the saw. Once I 
got a blank, it took many hours of 
grinding on a plate to make a useable 
crystal. 


"The transmitter began with a type 
210 tube oscillator on 160 meters 
followed by four 210 doubler stages, 
to 10 meters. Everything was tuned 
up with a homemade wavemeter. 
The final amplifier tube was a 203A at 
first, but I quickly substituted an 852 
at about 100 watts input. I had a IO¬ 
meter vertical antenna and also a 
long-wire antenna. 

"I remember that 8EX had a 210 
oscillator. His transmitter was 
described in QST, (fig. 2). He used 
60-cycle ac on the plates of the 210s. 
The signal was very rough. His signal 
strength was about R6 (S6 to new- 
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comers!, and we were in contact for 
about an hour.* 

"My greatest satisfaction was in 
tests run later in the year and into 
1928 with W1CCZ, on Cape Cod. This 
beautiful station was a result of work 
done by the Massachusetts Institute 
of Technology, by Paul Hendricks 
and E.C. Crossett, on whose estate 
the station was located. W1CCZ had 
a 500-watt transmitter and a four- 
element Yagi beam — unheard of in 
those days. 

"The W1CCZ beam was unique in 
that it was movable in elevation. It 
was thought that high-angle signals 
were the answer to reliable communi¬ 
cations on 10 meters. Many tests 
were run with the beam pointed up at 
10 degrees from vertical, which 
seemed to provide the best results. 

"One of the transmitters used in 
the MIT program operated under the 
call W1XM (fig. 3). My transmitter 
was somewhat like this, except I used 
210s all the way and only a single 852 
in the final stage. And I only had 1000 
volts for the 852. I never had much 
luck with that bottle." 2 

interest lags 
in 10 meters 

The year 1929 was a watershed 
year for 10 meters, as the sunspot 
cycle was on a rapid decline. Just as 
things seemed to be picking up and 
intercontinental DX was on the hori¬ 
zon, the bottom dropped out of the 
band. Interest lagged, and few sig¬ 
nals were heard on 10 meters until 
1935, when the sunspot cycle was 
again on the upswing. The band 
seemed to come back to life in the 


•The back-to-back, self-rectified transmitter in fig. 2 
was also popular in commercial circles as late as 
1938. I was the chief land only) operator on a tuna 
boat working out of San Diego in that year. The 
transmitter used a pair of UX852 tubes in a circuit 
almost identical to that shown in fig. 2 but designed 
to work on the 36-, 24-, and 18-meter marine bands. 
The transmitter was enclosed in a SQUARE D™ 
switchbox, which was mounted on the bulkhead in 
the radio shack. Power was supplied from a 500-cycle 
alternator. Thus the signal wasn't as broad as that 
from 8EX's rig, which operated from 60-cycle ac; 
however, it had a good whine and made the coastal 
stations sit up and take notice. Editor. W6NIF 


fall. The first WAC (Worked All Con¬ 
tinents) on 10 meters was made by 
ZS1H (Union of South Africa). 
Things were beginning to pay off for 
a bunch of hardy experimenters, who 
had remained active on the band over 
the past three lean years. 

QST said, "A band so universally 
considered dead that early DX work 
was practically forgotten has sudden¬ 
ly come to life, rewarding in good 
measure the few who struggled along 
on it with meagre results." 

Worldwide DX conditions led to a 
flock of WAC certificates, and the 
first phone WAC was achieved by 
W6FQY in San Jose, California. Ten 
meters was alive and kicking! 

Seven years had brought about a 
revolution in radio transmitting and 
receiving equipment. Gone was the 
regenerative receiver and self-excited 
oscillator. New crystal-controlled 
transmitters were available (fig. 4), 
and practical details were available 
for building a 10-meter rotary beam 
antenna (fig. 5). 

getting on 10 meters 

In 1935 I attempted to get on 10 


meters. It was a laborious process. I 
finally got my homemade receiver 
working so I could hear 10-meter sta¬ 
tions. I was amazed at the outstand¬ 
ing signals pouring in from all over 
the world. 

Getting the transmitter on 10 
meters, however, was another mat¬ 
ter. When it finally seemed to be 
working, I had no luck at all in work¬ 
ing stations I could hear. 

Call after call brought no results. 
Finally, a local Amateur called me on 
the phone and told me that I had 
tuned up on the third harmonic of my 
40-meter crystal and was on 15 in¬ 
stead of 10 meters! I was loud and 
clear in a portion of the spectrum in 
which an Amateur band didn't yet 
exist! 

I soon corrected my error and final¬ 
ly hit the 10-meter band. But I spent 
several nervous weeks waiting to see 
if I would get a citation from the FCC 
for my conduct. Luckily, the 15-meter 
region was void of any activity, and 
the FCC probably didn't waste time 
monitoring the wasteland. 

The reappearance of DX on 10 
meters was a mystery to most 
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Amateurs who had never heard of the 
sunspot cycle. But in the years before 
World War II, the band was red hot 
with DX from all over the world 
booming in. No doubt the popularity 
of 10 meters helped fuel the boom in 
Amateur Radio in the late 1940s. 
Every stateside DX-minded ham 
wanted to work the rip-roaring signal 
of K6MW (later KH6AR) in Hawaiil 

10 meters after the war 

November, 1945, was the red-ietter 
day. The FCC announced the restora¬ 
tion of Amateur Radio on the high 
frequencies. The post-war 10-meter 
band was from 28.0-29.7 MHz, with 


phone work, in the United States, 
from 28.1-29.5 MHz. Frequency 
modulation could be used above 
28.95 MHz. The portion of the old 
band, from 29.7-30.0 MHz had, 
regrettably, been lost in the post-war 
reallocation of frequencies. 

Rapidly, 10-meter Amateur sta¬ 
tions were popping up all over the 
world, many of them run by GIs using 
military rigs. Some of the well-known 
calls were EA1D (Madrid Airfield), 
P1X (Holland), W8CJR/XU (China), 
W6NSL (Japan) and ZC6NX in 
Palestine. 

The U.S. Marine Base at Tsingtao, 
China, in particular, was very active 


on 10 meters, with more than twenty 
XU stations on the air at one time or 
another. 

Rarer DX was there for the sharp¬ 
eared DX hunter. W4YA/XZ on the 
Burma Road was on as well as 
G6CU/ZC2 on Christmas Island. Also 
included was Mr. DX himself, Reg 
Fox, AC4YN, in Lhasa, Tibet!* 

the bright new world 
— of sunspots 

Almost unnoticed in the clamor to 
get back on the air was an historic 
article in QST, which outlined war¬ 
time research into hf communications 
and the sunspot cycle. 3 Research 
conducted before the war by the 
National Bureau of Standards and the 
Carnegie Institute was continued, 
with greater impetus, during the war 
by the armed forces. A method of 
predicting radio conditions, with 
respect to the sunspot cycle, had 
evolved. 

Amateurs engaged in military com¬ 
munications during the war quickly 
realized that the frequencies above 20 
MHz were capable of long-distance 
communications. The military fm 
band, centered at about 35 MHz, 
opened up day after day for long¬ 
distance Pacific DX. Operators in 
Borneo eavesdropped on communi¬ 
cations from Iwo Jima, and ship¬ 
board operators on the way to 
Okinawa were amused by complaints 
from Ulithi, in the Marshall Islands, 
that the ship "short range" fm 
transmission circuits were breaking 
up local harbor communications. 
Other transmissions up to 4,000 miles 
(6,500 km) were noted over various 
Pacific circuits in the 35-MHz range. 

Much of the unusual DX could be 
explained by the sunspot cycle and 
solar activity. Propagation studies 
revealed how much of the 10-meter 
DX work was possible, and charts 
were available whereby propagation 
predictions could be made for the 
future. Best of all, the sunspot count 


*1 have AC4YN's card for a two-way contact on 14 
MHz dated April 2, 1947. Not for sale. Editor, WBNIF 
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was on the rise, promising great IO¬ 
meter DX until at least 1952! 

10 meters in the 50s 

By 1953 the 10-meter band was 
back in the doldrums. The sunspot 
cycle had taken its count, and hams 
looked elsewhere for DX. W1JPE 
(now W1DX) summed it all up: 

No more about ye DX bands, 

Do DXerspushe and pulle, 

Or talk about YJs, PKs, 

Or toss about Ye Bulle 

Ye sunspot count hath gummed ye 
game 

Ye bands are dry as snuffe 
And many a hearty soul, no doubt, 
Has learned how to do without. 
Excepting Thee and Me, Olde 
Scout, 

Who never worked Ye stuffe. 
the great sunspot cycle 
peak of 1957-58 
And come back it did I After a few 
arid years, 10 meters came back to 
life in the fall of 1955, just as the ex¬ 
perts predicted! And again, there was 
a revolution in equipment on the 
band; single sideband had arrived to 
stay. The band had perked up in the 
spring and was going full blast by fall. 
As the sunspot count increased and 
the MUF (Maximum Usable Frequen¬ 
cy) continued to rise toward 50 MHz, 
many 10-meter operators noted that a 
too-high sunspot count could pro¬ 
duce ill effects on the 10-meter band, 
and the great sunspot cycle peak in 
the winter of 1957 didn't seem to pro¬ 
duce super-DX on the 10-meter band, 
although the band remained open un¬ 
til the late evening hours. 

DX was good, however, and exotic 
stations such as JT1AA (Mongolian 
People's Republic) were present, and 
Soviet Amateurs showed up on 10 
meters in great numbers. And, as it 
had since the beginning of sunspot 
measurements by the Chinese before 
the birth of Christ, the sunspot cycle 
started its inexorable down turn, 
reaching a nadir during the winter of 
1964. 


10 meters today 

The period between 1964 and 1976 
represents Cycle 20 of the sunspot 
count, which started with Cycle 1, 
based on measurements made in 
1750. The present Cycle, 21, is at, or 
near, a peak, and the 10-meter band 
is alive with activity. This band is 
expected to remain active and 
capable of sustaining long-distance 
communications well into 1986. By 
then, when the sunspot cycle has 
dropped to a new low, it's possible 
that relay satellites may be in orbit to 
take up the slack. Time will tell. 

survey of the 
10-meter band area 

Meanwhile, a lot can be learned 
from a close examination of the IO¬ 
meter band and its environs. Below 
10 meters, ranging from 26.5 MHz to 
the low edge of 10 meters, is a 
bewildering mixture of illegal CB 
operation. By concensus, most out- 
of-band a-m CB operation occurs 
between 26,5 MHz and channel 1, 
From channel 40 up to (and some¬ 
times including) the low edge of 10 
meters, the frequencies are chock-full 
of SSB activity. At times, the QRM is 
extremely heavy, especially when the 
channels are open to worldwide com¬ 
munications. A look-see over this 
range by one unaware of the activity 
comes as a shocking surprise. 

One day last fall, over a period of 
four hours, I logged over 30 countries 
on CB, which were operating outside 
the assigned channels. Stations as far 
away as Italy and Australia came 
rocking in, with plenty of callers in 
the United States! 

The 10-meter band itself has a few 
surprises. During the afternoon 
hours, the third harmonic of the 
Radio Moscow home service in the 9- 
MHz broadcast band is clearly heard 
on the West Coast. Stations as far in¬ 
land as Tashkent come through. The 
stations seem to be spaced about 
every 100 kHz, starting with a har¬ 
monic on 28.0 MHz and running up¬ 
wards of 28.8 MHz. 


Above the top end of 10 meters, 
normally a preserve for Amateur fm 
from 29.5-29.7 MHz, lie the commer¬ 
cial fm channels extending higher in 
frequency from 29,7 MHz. However, 
at 29.705 MHz I could hear a special 
broadcast station in Israel, beamed to 
the Soviet Union. The transmitter 
power was 20 kW and the over-the- 
pole signal was a good band marker 
for European openings in the spring 
of 1980. So far the station has not 
shown up. 

Finally, there is growing activity at 
the high end of 10 meters as interest 
in fm grows. The calling frequency is 
29.6 MHz, with repeater inputs every 
20 kHz below that, to 29.52 MHz. The 
output channels are 100 kHz higher 
than the input and fall above 29.6 
MHz. 

It's an eerie feeling to bring up a 
repeater on the East Coast from 
California and work European and 
South American signals through it. 
And the hams on the East Coast can 
work Australia and New Zealand 
through repeaters in California! Some 
repeaters have an input on 144 MHz, 
and it's common to hear hams on 2 
meters working DX on 10 meters 
through a repeater while walking 
around with a handheld rig. 

And so it goes. The 10-meter band 
has come a long way from the early 
days when nu6UF opened the band 
with his historic QSO. A salute, then, 
to 10 meters and happy birthday! 
Here's to more and better 10-meter 
activity until old sol takes over the 
band sometime in 1986. I'll see you 
on Ten! 
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X-band calibrator 


How to get started 
on the 10-GHz 
Amateur band 

This article describes a frequency calibrator for use 
with Amateur X-band transceivers such as the Micro- 
wave Associates Gunnplexer®. The calibrator is 
simple to build and makes communications over 
long-haul, non-optical paths easy to accomplish. 

the Gunnplexer 

The Microwave Associates Gunnplexer is a great 
device with which the Amateur can explore the 
challenging frontier of microwaves. The Gunnplexer 
includes a Gunn-diode oscillator, which is used for 
both the transmitter and receiver local oscillator. A 
Schottky diode and ferrite circulator are used as the 
receive mixer (fig. 1). A varactor diode mounted in 
the Gunn-diode oscillator cavity provides approxi¬ 
mately 100 MHz of transmit and receive tuning varia¬ 


tion (plus frequency modulation). All that's required 
for operation is 8 or lOVdcforthe Gunn-diode,* 0-20 



•Some units require 8 Vdc and some 10 Vdc. The required voltage should 
be marked on the unit. 


By Steve J. Noll, WA6EJO, 1288 Winford 
Avenue, Ventura, California 93003 
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Vdc for varactor tuning, and an fm receiver for the 
i-f. Audio is coupled into the varactor for modulation. 
The i-f is 30 MHz. 1 

Gunnplexers have been available in pairs set to the 
standard split of 30 MHz. One unit is mechanically 
tuned so that, with 4 Vdc of varactor bias (tuning 
voltage), the Gunn-diode oscillator output is 10.280 
GHz. The second unit is similarly set to 10.250 GHz 
with 4 Vdc bias. The difference of these two frequen¬ 
cies is the "standard" i-f of 30 MHz. 

The tuning range of a typical 10.250-GHz Gunn- 
plexer is approximately 10.22 to 10.32 GHz. A typical 
10.280-GHz unit covers approximately 10.25-10.35 
GHz. These are the Gunn oscillator frequencies, so 
the receive frequencies will be 30 MHz above and 
below. 

the problem 

Two problems become apparent after one has had 
some experience with the units over long paths. One 
is aiming the antennas when the location of the other 
unit is not precisely known. Eventually the operator 
graduates from the basic 17-dB horn antenna sup¬ 
plied with the Gunnplexer to high-gain parabolic 
reflectors. With high gain comes narrow beam- 
widths; that is, about 2-1/2 degrees for a 3-foot (1- 
meter) dish and 1-1/4 degrees for a 6-foot (2-meter) 
dish. This certainly can make aiming over non-optical 
paths very difficult. 

The second problem is finding the signal. This 
problem can be worse than the first, especially when 
the signal is weak. The 100 MHz of tuning is quite a 
bit. You can easily tune by a weak signal even when 
ten-turn pots are used for tuning. Narrow i-fs that are 
used to increase range add to the problem. It is 
desirable to have the full 0-20 Vdc tuning range 
available to be compatible with any other person's 
Gunnplexer; that is, to be sure to be within his tuning 
range. 

These two problems of aiming and tuning are defi¬ 
nitely additive. They make an attempt at a long¬ 
distance contact a formidable task. However, solve 
one problem and the other becomes much easier. 

the solution 

The use of compass and map will get you in the 
ballpark on aiming, but usually not right on. Frequen¬ 
cy calibration would solve the tuning problem. An X- 
band frequency counter would be nice, and also 
unaffordable — especially insofar as one would be 
required at each end of the path. An X-band crystal- 
controlled multiplier chain with perhaps a Snap diode 
output circuit would do the trick too. But it would 
also be a trick to build. 

All hope is not lost, however. There is a very sim¬ 
ple and inexpensive way to solve the problem using 



HP-X485B tunable detector mount. 


the crystal-controlled multiplier chain approach. 

If one feeds some relatively low-frequency rf into a 
common microwave mixer diode, such as a 1N23, all 
sorts of things will come out: a comb, of sorts, is 
generated. The objective in this case is to get a 
detectable output in X-band within the tuning range 
of the Gunnplexer. Too many outputs within the tun¬ 
ing range can lead to confusion, however. One or 
two are sufficient. A single-output crystal calibrator 
would not be all that helpful. With it you could tune 
two Gunnplexers exactly on the same frequency, but 
that's not what you want. A 30-MHz difference is 
needed between the two units. Two stable calibra¬ 
tion signals are desired: one within the tuning range 
of each Gunnplexer but also 30 MHz apart from each 
other. 



Tunable waveguide diode mount with TWT or BWO N 
connector. 
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DeMornay Bonardi waveguide detector mount. 


the calibrator 

Luck is with us. It just so happens that if you pump 
146.52 MHz into a microwave mixer diode (in a suit¬ 
able mount) you will get a 70th harmonic output of 
10.2564 GHz. This is well within the tuning range of 
the 10.250-GHz Gunnplexer and is probably within 
the tuning range of the 10.280-GHz unit. The 69th 
harmonic (10.10988 GHz) and the 71st harmonic 
(10.40292 GHz) are outside the tuning ranges of both 
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PRD 613M coaxial mount with waveguide-to-N 


Gunnplexers. This eliminates any possible confusion 
due to more than one calibration signal within the 
tuning range. 

Most Amateurs should have no trouble coming up 
with a signal on 146.52 MHz. But we still need 
another signal in X-band 30 MHz away from the 70th 
harmonic of 146.52 MHz. 

Luck is with us again. Another 2-meter fm fre¬ 
quency which is common in some parts of the U.S. 
will give us a signal fairly close to that which is need¬ 
ed. 146.94 MHz x 70 equals 10.2858 GHz, a 29.4 MHz 
difference from the 146.52-MHz harmonic. Two 
Gunnplexers calibrated to these signals would be 
tuned 29.4 MHz apart. A slight touch of the tuning 
knob would correct the 600-kHz error. That's not 
much of an error at X-band I 

This small error can be reduced or eliminated com¬ 
pletely by one of several methods. If a crystal- 
controlled 2-meter handheld is being used, a crysal 
can be ordered on 146.94857 MHz for use with a 
standard 146.52-MHz crystal. If your handheld has 
both .52 and .94 crystals in it already, they could be 
tweaked so that they are the required 0.4285714 MHz 
apart at 2 meters to be 30 MHz apart at X-band (70 x 
0.4285714 = 30). Synthesized radios set at 146.515 
MHz and 146.945 MHz would result in only a 100-kHz 
error at X-band. And of course, a VFO-controlled 
radio could be set at the desired frequencies too. 

the diode multiplier 

So far we have a simple source of rf that will give 
us the signals needed at X-band when suitably multi¬ 
plied. Now comes the tricky part, right? Wrongl A 
diode multiplier is amazingly easy to build, but first 
let's consider some of the readymade choices: wave¬ 
guide detector mounts and coaxial detector mounts. 

Waveguide detector mounts work best. That is, 
they can put out a rather strong signal at X-band 
when 2-meter rf is fed into what is normally the out¬ 
put connector. A Hewlett-Packard X485B is a 
tunable X-band detector mount that accepts 1N21- 
1N23 type diodes, the latter being preferred. A 
mount that uses these inexpensive field-replaceable 
diodes, or crystals as they're often called, is very 
desirable. It is possible to burn out the diodes as a 
result of applying too much rf. The 1N21-1N23 series 
diodes has a maximum incident CW rf power rating 
of 250 mW. 

The Hewlett-Packard 423A is a common coaxial 
mount that works fine as a multiplier. The 2-meter rf 
is fed into the BNC connector that is normally the 
output connector. A waveguide-to-N connector 
adapter affixed to the mount's N connector serves as 
the X-band antenna. Note that the diode element is 
not the easily replaceable 1N23 type, so due care 


46 BB april 1981 





should be exercised! 

A PRO 613M is a coaxial crystal mount with an 
easy-to-replace diode. It 'does not have nearly the 
output of the HP coaxial mount but is usable. 

Many other mounts will also work. Each of the 
above-mentioned mounts was obtained on the sur¬ 
plus market for about $20.1N23 diodes are very com¬ 
mon in surplus microwave equipment and are avail¬ 
able from surplus outlets such as Fair Radio Sales 
Co.* for about $1 each. 

A diode in a package with a pin on each end is 
needed for the homebrew mounts. Some diodes 
have a cap on one end. Be sure to get the diode with 
a removable cap (it just pulls off); some diodes have 
non-removable caps. 

building a waveguide 
diode mount 

I've built several mounts, both waveguide and 
coaxial. Precision machining is not required. A hack¬ 
saw, file, propane torch, drill, and two bits are the 
only tools needed to make a waveguide mount. The 
materials required are, first, a few inches of brass or 
copper X-band waveguide. Such waveguide is desig¬ 
nated WR-90, RG-52U, or WG-16. It measures 1 x 
1/2 inch (2.54 x 1.26 cm) outside dimensions. This 
may be found surplus or from an outlet such as 
Lectronic Research Laboratories, Inc. 1 A small piece 
of PC board or other solderable flat metal is needed 
to close one end of the waveguide. A one-hole 
mounting BNC female connector (UG-625B/U) 
serves as the 2-meter rf input connector. A female 
chassis mount N connector supplies the center pin, 
which holds the 1N23 diode. A male N connector of 
the type that accepts small (RG-58/59) coax (UG- 
526B/U) or a female chassis mount N connector 
removed from a surplus BWO or TWT amplifier serve 
as a fixture to hold the BNC connector assembly to 
the waveguide. 

A horn antenna may be built on the open end of 
the waveguide, or a flange may be affixed there for 
the attachment of a horn. This will give greater 
range, but it's not necessary. A Gunnplexer will hear 
the signal from a waveguide mount multiplier with¬ 
out a horn from several feet away, 
construction 

Cut a piece of waveguide 2-3/8 inch (6-cm) long or 
longer (refer to fig. 2). The length is not critical. File 
the ends square and remove any burrs. Drill a hole 
with a 3/32-inch (2.5-mm) bit in the center of the 
wide side of the waveguide 7/8 inch (2.20 cm) from 
one end. This is the only critical dimension. Drill this 


*1016 E. Eureka Street, P.O. Bo* 1105, Lima, Ohio 45802. 
tAtlantic & Ferry Ave., Camden, New Jersey 08104. 
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HP-423A coaxial mount. 


hole straight through both walls of the waveguide. 
One of these holes serves as the socket for one end 
of the diode; the other hole is the pilot hole for the 
next one. Drill a 1/4-inch (6.4-mm) hole through the 
pilot hole. Remove the burrs inside the waveguide 
with a small triangle file. Clean the area around the 
1/4-inch (6.4-mm) hole with sandpaper. 

If you're going to use a male N connector (UG- 
536B/U), remove the loose gasket, washers, and 
nut. They will not be needed. Drill a 1/4-inch (6.4- 
mm) hole straight through the connector to enlarge 
the existing one. Remove any burrs. If a connector 
from a BWO or TWT amplifier is used, it will not be 
necessary to drill a hole, as the existing hole is large 
enough (fig. 2). 

Center the connector face down over the 1 /4-inch 
(6.4-mm) hole. Solder the connector to the wave¬ 
guide, using a propane torch. Also solder the groove 
on the male N connector so that the connector body 
will no longer rotate. Let the assembly cool. 

Next lay a one-hole-mount BNC nut on the top of 
the N connector, centered over the hole that the 
coax normally enters, Solder the nut to the connec¬ 
tor, taking care not to get solder in the nut threads. 

A piece of PC board or sheet metal 3/4 x 1/8 inch 
(2x3 cm) is then soldered over the open end of the 
waveguide closest to the N connector. 

Heat the center pin of a female chassis-mount N 
connector, such as a UG-58/U, until it can be pushed 
out of the plastic dielectric.* Alternatively, the center 


pin of Teflon dielectric N connector can be easily 
driven out with a hammer and pointed tool. Solder 
center pin to the protruding center pin of a one hole- 
mount BNC female connector (the slotted end of the 
pin faces outward). 

It's now possible to push one pin of the mixer 
diode into the slotted pin on the BNC connector. 
Push the diode pin in about 1/16 inch (2 mm). Guide 
the protruding diode through the hole in the N con¬ 
nector into the waveguide. The diode pin is mated 
with the 3/32-inch (2.5-mm) hole as the BNC connec¬ 
tor is screwed into the BNC nut. Tighten finger-tight 
only. 

It may be necessary to adjust the length of the slot¬ 
ted pin if the same type of connectors weren't used 
and the diode doesn't seat properly. The X-band 
waveguide diode mount is now complete. 

simple coaxial diode mount 

I've devised a coaxial diode mount that has to be 
one of the simplest ever (fig. 3). It is actually closer 
to a waveguide mount in the way it operates. All 
that's required is a female uhf barrel adapter (PL-258) 
or an N barrel (UG-29B/U), a shell from a PL-259, a 



fig. 3. This coaxial diode multiplier mount is made from 
a female uhf barrel connector or an N barrel (UG- 
29B/UI, a shell from a PL-289 connector, a piece of bare 
copper wire, and a 1N23 diode — simple and effective. 


'Use caution in this operation. You can ruin connectors by applying too 
much heat. The idea is to apply heat to the N connector by waving the heat 
source (propane torch) back and forth over the connector while gently 
applying pressure to the dielectric material. At the right moment, the dielec¬ 
tric and center pin will pop out of the connector. Use too much heat, and 
you must go back to square one and start over. Editor. 
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15/16-inch (24-mm) piece of No. 12 AWG (2.1-mm) 
bare copper wire, and a 1N23 diode. Soldering is 
optional. 

If an N barrel is used, push one pin of the diode 
1/16 inch (1.2 mm) into one of the slotted pins of the 
barrel. If a uhf barrel is used, simply lay one end of 
the diode into one end of the barrel. Be sure that the 
metal end of the diode contacts the barrel pin. In 
some PL-258 models, the center pin is recessed 
enough so that the dielectric prevents contact. 

Bend the wire into a Z shape so that it will lie inside 
the uhf connector shell with the ends resting on the 
shoulder. The shell is started once the barrel threads 
with the diode are in place. Hold the wire with 
needle-nose pliers inside the shell over the diode pin. 
Tighten shell to push the wire down onto the pin of 
the diode (the wire ends may be soldered to the shell 
shoulder if desired). The 2-meter rf input is con¬ 
nected to the other end of the barrel. If a barrel 
adapter isn't available, a female chassis mount con¬ 
nector may be used. The 2-meter rf input is then 
brought into the back of the connector through a 
coax cable. 

numb i-f response 

At this time, if your Gunnplexer and/or i-f is 
"numb," you may not be able to hear signals from 
any of the diode mounts described. A numb Gunn¬ 
plexer is not uncommon. The Schottky diode mixer 
is easy to zap with stray voltages. Soldering to the 
ungrounded mixer connection pin, even with so- 
called "grounded" soldering stations, is a sure way 
to put your mixer diode in peril. The Schottky will not 
necessarily be completely open or shorted — it can 
remain halfway between and just be numb. Don't 
fret. If you blow it, just replace the Schottky diode 
with a 1N23. (I've measured less than 1-dB noise 
figure degradation by substituting a 1N23WE for the 
standard Schottky.) 

A numb i-f will also cause problems. Try to make 
the stage as hot as possible in the noise-figure 
department. This is one of the few ways to improve 
the over-all sensitivity of the Gunnplexer. It may be 



Attenuator. 


necessary to run the 2-meter level into your diode 
mount near the maximum 250-mW level until 
improvements can be made in your system. 

I've been able to detect the X-band output of the 
homebrew 1N23 coaxial multiplier using a Gunnplex¬ 
er with a 17-dB horn at a distance of 1 foot (30 cm) 
with a 2-meter drive level as low as 10 mW. The 
range of the same setup using 250-mW drive was 
over 50 feet (15 meters). This was a "hot" Gunnplex¬ 
er and i-f. I was able to measure at least 2 dB of sun 
noise with a 2 1/2-foot (76-cm) dish. 

attenuator 

Whatever mount you choose, surplus or home¬ 
brew, an attenuator will be required to reduce the 
output of the 2-meter transmitter to a safe drive level. 
A 6-dB pad will decrease a 1-watt signal to 250 mW. 
A 10-dB pad will yield 100 mW — a good choice. 

A power attenuator isn't necessary, as the power¬ 
handling ability of an attenuator is greatly increased if 
power is applied for a short duration. A 1/2-watt pad 
is fine for intermittent use at power levels encoun¬ 
tered in 2-meter handheld transceivers. 

As with detector mounts, attenuators are available 
on the surplus market or can be homebrewed. If you 
have a surplus pad in mind, be sure it's 50 ohms and 
that it will work at frequencies as low as 2 meters. 

building an attenuator 

A pi-network resistive attenuator requires only 
three resistors and is easy to construct. A table of 
attenuation levels and the required resistor values 
may be found in the ARRL Electronics Data Book. 

I've built a 10-dB pad using two 1 /2-watt, 100-ohm 
resistors and a 1/2-watt, 68-ohm resistor, plus two 
PL-259 connectors. Actually, a 10-dB pad requires 
96.2-ohm and 70.7-ohm resistors, but the standard 
values I use yielded 9.5 dB with excellent VSWR. 
Construction details are shown in fig. 4. 

calibrator system operation 

The diode multiplier mount is connected through 
the attenuator to a 2-meter transmitter set at 146.52 
or 146.94 MHz. The mount is pointed at the Gunn¬ 
plexer antenna, and the varactor voltage is tuned 
until the calibration signal is found. You'll probably 
hear a loud audio feedback squeal when the signal is 
found . 

Talking into the 2-meter rig should result in a copy- 
able signal from the Gunnplexer receiver. It may be 
hard to believe, but you're actually talking on X-band 
with your 2-meter rigl Be sure to ID properly. 

Mountaintop operation might go like this: Station 
A lets his 10.250-GHz Gunnplexer warm up a few 
minutes, then he tunes it to find the signal from his 



HUSTLER ANTENNAS 

SBTV 5-Band trap vertical 10-80 m„ reg. $139.95.... $125.95 

4BTV 4-Band trap vertical 10-40 m„ reg. $109.95.... 98.96 

BM-1 Bumper mount, reg. $18.95. 17.06 

MO-1 Mast, fold-over, deck mounting, reg. $22.95... 20.66 

MO-2 Mast, fold-over, bumper mount, reg. $22.95 ... 20.66 

RM-75 Resonator, 75 meters, 400 watt, reg $18.95... 17.06 

RM-40 Resonator, 40 meters. 400 watt, reg $16.95 ... 15.26 

RM-40S Super resonator, 40 meters, KW, reg. $24.95. .. 22.46 

RM-20 Resonator, 20 meters, 400 watt, reg. $14.95 ... 13.46 

RM-20S Super resonator, 20 meters, KW. reg. $21.95_ 19.76 

RM-15 Resonator, 15 meters, 400 watt, reg $10.95 .. 9 86 

RM-10 Resonator, 10 meters, 400 watt, reg $10.95... 9.86 

CG-144 Mobile2metercolinear, w/omount, reg $28.95. 26.06 

CGT-144 2metercolinearw/trunkmount,reg.$45.95.... 41.36 

PALOMAR ENGINEERS 


Price Shpg. 

R-X Noise bridge .$ 55.00 $2.00 

VLF Converter. 59.95 2.00 

IK Toriod balun, 3 KW SSB, 1:1 or 4:1_ 32.50 2.00 

2K Toriod balun, 6 KW SSB, 1:1 or 4:1.... 42.50 2.00 

1C Keyer, battery operated. 117.50 3.00 

Loop Antenna, plug-in units, 160/80, BCB, VLF. 47.50 2.00 

Loop Amplifier. 67.50 2.00 

Tuner — 10-60 meters, built-in noise bridge .... 299.95 6.50 

CW Filter, 8 pole 1C. 39.95 2.00 


ALSO IN STOCK 

Antenna Components • Larsen Antennas 
Centurion International Rubber Duck Antennas 


WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 



Communications 



Visa or MasterCharge orders welcome! 
Call or write Cal Crystal NOW! 


CAL CRYSTAL 

California Crystal Lab., Inc. 
1142 North Gilbert Street 
Anaheim, California 92801 
(714)991-1580 



fig. 4. A 10-dB attenuator, again made from coax con¬ 
nectors. Three resistors form a pi network. 


diode-mount, which is fed with a 146.52-MHz signal. 
(The mount is held several feet in from of the Gunn- 
plexer antenna to avoid frequency pulling of the 
Gunn oscillator.) 

Station B, on another mountaintop, does the 
same with his 10.280-GHz Gunnplexer using 146.94 
(or 146.94857 MHz.) The two stations then may con¬ 
centrate their efforts on aiming, varying their varac¬ 
tor voltage only 100 mV or so. Extra 2-meter hand¬ 
held transceivers help establish communications. 

The stations must be sure ahead of time that their 
respective Gunnplexers (a) will tune to, and hear, the 
calibrator signals, and (b) are not tuned to the signal 
image. 

other uses 

The calibrator does not, of course, have to be used 
only on .52 and .94 in the 2-meter band. The Gunn¬ 
plexer may be calibrated throughout the 0-20-Vdc 
tuning range by selecting other 2-meter frequencies 
that will multiply into X-band. 

The diode multiplier mount may also be used as a 
detector mount. I can measure well over 1 volt across 
the diode when either homebrew waveguide or coax¬ 
ial mount is irradiated by the Gunnplexer output at 
close range. This is a very easy way to check the 
mount and the Gunnplexer oscillator. 
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Garth stonehocker, koryw 


last-minute predictions 

April is a transition month. Propa¬ 
gation will be affected by solar activi¬ 
ty that is influenced by the equinox 
period of sun/earth alignment (as 
mentioned last month). The periods 
from April 7 through April 14 and 
April 20 through April 23 may be geo- 
magnetically disturbed. The begin¬ 
ning of the first period is expected to 
be disturbed by coronal-hole solar- 
wind emergence, then by solar-flare- 
released particles for the remainder of 
the first time period and for the entire 
second time period. The effects may 
be strong, since April is a continua¬ 
tion of the equinox period. However, 
the coronal-hole effect will not be as 
strongly developed as it will be a year 
from now, so the probability is not 
high that this disturbance will occur. 

DX conditions will probably be very 
good in April because of the solar- 
cycle level, and activity will be high 
because of the close proximity of the 
equinox season. The ionosphere is 
proportioned for most of the ioniza¬ 
tion to favor the F region and high 
maximum usable frequencies (MUF) 


— therefore the higher hf bands. The 
winter generally has the sharpest 
daily MUF peaks, rising highest in 
February, March, or April in most 
years. Summers have the lower daily 
MUFs but are spread out throughout 
the greater number of hours of day¬ 
light. So, through this summer and 
next winter, the solar flux will prob¬ 
ably be slightly lower than it is now. 
And it is then expected to continue to 
decrease as the end of the crest of 
cycle 21 begins a definite downward 
trend toward the minimum, about 
1987. 

band-by-band forecast 

Six meters should provide frequent 
band openings with a peak during the 
early afternoon hours on many days. 
Trans-equatorial north-south paths 
will be the best. Your guide to possi¬ 
ble openings will be strong openings 
on 10 meters and high values of solar 
flux. 

Ten and fifteen meters will be loaded 
with good DX signals from morning 
until early evening hours almost every 
day. Times of geomagnetic disturb¬ 


ance will limit the number of signals 
heard, but listen carefully — they can 
be from very unusual places. Fifteen 
meters should be open later in the 
day than 10 meters. So, hit 10 first 
and finish off with 15. The lengthen¬ 
ing of the daylight will be noticed as 
these bands open up a little sooner 
and stay open longer in the day. 

Twenty meters will be the main day¬ 
time DX band, as it is almost always 
open to some part of the world. It 
opens to the east as the sun rises and 
extends into the late evening hours to 
the west. Geomagnetic disturbances 
do not affect the band as much as the 
higher ones, but still look for unusual 
trans-equatorial DX locations to be 
coming through once in a while. One- 
hop trans-equatorial DX of 5,000 to 
7,000 miles (8,000 to 11,200 km) may 
be possible in the late evening hours 
during some of these unusual condi¬ 
tions. 

Forty and eighty meters will have 
much short skip (750 miles or 1,200 
km) during daylight hours and turn to 
DX after dark. Eighty-meter DX will 
more often be taken over by noise. 
Therefore, 40 meters will become the 
best nightime DX band. Long skip 
(2,000 miles or 3,200 km) will open to 
the east soon after sundown, swing 
more to the south to Latin America 
about midnight, and end up to the 
Pacific areas during the hour or so 
before dawn. Some nights these 
bands will be as good as during the 
winter DX season. Watch the spring 
storm fronts mentioned last month. 
The coastal regions usually have the 
edge for working the rare DX on 
these bands. Don't let that stop you 
mid-U.S.A. DXers. 

One-sixty meters will probably have 
many nights that remind one of last 
summer's noise. However, many 
good nights are left to work DX 
before this summer's noise comes to 
stay. Many stateside stations are fair 
game as DX on this band during this 
season. 

ham radio 
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Questions and Answers 


where in the world? 

/ have heard stations on the air 
signing "-—/MM region 1,” How do 
you know where to aim your beam 
for the various regions? Is there a 
map' available? — John Engelien, 
N2BSD. 

Almost any publication that in¬ 
cludes the FCC Rules and Regula¬ 
tions, part 97 (Amateur Radio Serv¬ 
ice) has a map showing all three ITU 
regions. A reproduction is shown in 
fig. 1. 

six meters 

/ hear very little about the 6-meter 
band> except stories about TVI and 
other problems. Is 6 meters the 
"black sheep " of the radio frequen¬ 


cies? Is it dependable for medium to 
long distances, and what is the 
dominant mode? — Peter E/dredge, 
KA1FJN. 

Six meters is avoided in many areas 
of the country, especially near the 
large cities that have Channel 2 TV. 
Most TV sets cannot tell the differ¬ 
ence between a 50-MHz signal and a 
56-MHz one, so TVI is a real problem. 
(The problem can be resolved, but re¬ 
quires much effort in building filters, 
cleaning up rigs, and often much ed¬ 
ucation of your neighbors — some 
hams figure it isn't worth the trou¬ 
ble.) Then, too, Channel 2 TV trans¬ 
mitters put out a lot of garbage below 
their allocated band, and that gets in¬ 
to Amateur receivers and further 
discourages any would-be DXers. 

However, if Channel 2 is not avail¬ 


able locally, then 6 meters can be a 
fascinating and useful band. It 
behaves much in the same manner 10 
meters does, with good local cover¬ 
age by ground wave in the evening. 
And often tropospheric and iono¬ 
spheric skip creates openings that 
can reach to hundreds or thousands 
of miles. Like 10, however, the band 
varies with the sunspot activity, so 
will be less prone to DX openings in 
four or five years than it is right now. 

Modes in use are principally CW 
and SSB on the low end, with a few 
of the "a-m forever” crowd around 
50.5 MHz or so, and fm and repeaters 
in the upper two-thirds. There is a 
considerable amount of model-con¬ 
trol activity to be found on the high 
end, using channels that fit nicely 
between repeater slots. 
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Antenna Tuner 



New low profile design. 

Here is the famous Palomar Engineers 
high power tuner in a new compact 
size. Only SVi” x 14” x 14” yet it has 
all the features, works from 160 
through 10 meters, and works with 
coax, single wire and balanced lines. 
And it lets you tune up without going 
on the air! 

WE INVESTIGATED 
All tuners lose some rf power. We 
checked several popular tuners to see 
where the losses are. Mostly they are in 
the inductance coil and the balun core. 
So we switched from #12 wire for the 
main inductor to '/<“ copper tubing. It can 
carry ten times the rl current. 

IMPOSSIBLE FEAT 

The biggest problem with tuners is gel¬ 
ling them tuned up. With three knobs to 
tune on your transceiver and three on 
the tuner and ten seconds to do it (see 
the warning in your transceiver manual) 
that's 1 Vi seconds per knob. 

We have a belter way. a built-in 50-ohm 
noise bridge that lets you set the tuner 
controls without transmitting. And a 
switch that lets you tune your transmitter 
Into a dummy load. So you can do the 
whole luneup without going on the air. 
Saves that final; cuts QRM. 


For further details on this exciting new 
high-power low-loss, easy-lo-use tuner 
send lor our new brochure. Or visit your 
Palomar Engineers dealer 



Model PT-3000, $349.50. To order send 
$10.00 shipping/handling. Cali¬ 
fornia residents add sales tax. 


Palomar 

Engineers 

Box 455, Escondido, CA. 92025 
Phone: [714] 747-3343 


no DX? 

We have recently hit the peak of 
the sunspot cycle, and DX is great. 
What does the future look tike for 
DX? Will there be any good DX to be 
found, and if so, on what bands? 
How about the new bands we got at 
WARC 79? — Kevin Foley. 

DX will continue to be good for 
some time to come. True, we passed 
the peak in 1979, but it doesn't all 
stop abruptly. The downward slope 
of a sunspot cycle is gradual and filled 
with small bumps and ripples. DX 
conditions will decrease in the same 
manner. There will be excellent days, 
and dismal days, and it will keep our 
DX Forecaster on his toes predicting 
which will be which. 

The openings will become a bit 
shorter, so you will have to be alert 
and ready to catch the good ones. 
Also, the openings will tend to be¬ 
come less frequent on the higher 
bands, but there'll always be some¬ 
thing on 80, 40, and 20. Even 15 
meters will have good activity for 
some time. Ten is good for two or 
three years before you'll notice much 
of a drop in openings. 

The new bands will show a similar 
pattern, with the lowest one (10 
MHz) being more reliable than our 
present 14 MHz, and the higher ones 
opening later and closing earlier. 
However, one of the most useful 
things we Amateurs can do with the 
new bands is to ''fill in the gaps" in 
knowledge of propagation by careful 
observation and use of 10, 18, and 24 
MHz. 

So, don't despair. Good equipment 
and sharp operating skills will pay off 
during times of low sunspot activity. 

remote SWR7 

VSWR-meter instruction books say 
that SWR should be measured at the 
antenna because the coaxial cable 
can alter the readings, giving a better 
indication at the transmitter than 
actually exists at the antenna. 

Since / use a matchbox, should / 
remote the SWR-sensing unit to the 


antenna for better accuracy? — Terry 
J. Taylor, WB5JFM. 

To put it bluntly, NO! 

Presumably, the matchbox is in 
your radio room, where you can 
reach the controls. If you were to put 
the SWR meter at the antenna it 
would see no change at all, no matter 
what you did to your matchbox 
(except to show wild fluctuations 
because there was more or less 
power getting through the match¬ 
box). 

For example, suppose you are 
using 50-ohm coax cable and the 
SWR meter is at the antenna. Also 
suppose the antenna is not properly 
adjusted (too long or too short). No 
amount of knob twisting on the 
matchbox will make any difference at 
the antenna. The 50-ohm cable still 
presents 50 ohms to the matchbox 
down in the radio room. 

The SWR meter should be connect¬ 
ed between your transmitter and the 
matchbox, after your antenna has 
been properly adjusted (see below). 
The purpose of the SWR meter, when 
connected as just described, is to 
provide an indication of a proper 
impedance match at the transmitter. 

The time to put the SWR meter at 
the antenna end of the cable is when 
you are building your antenna, or tun¬ 
ing it up the first time you put it in the 
air. With the SWR meter in place and 
the transmitter sending low power up 
the line (just enough that you can get 
the calibrate function on the SWR 
meter to work right), work on that an¬ 
tenna. Shorten it, lengthen it, put in 
tuning stubs, a matching network, or 
whatever else the antenna hand¬ 
books say to do to it, but somehow 
make that SWR go down. Once you 
have a reasonable SWR, take the 
meter out of the line and put it down 
at the station between the matchbox 
and the rig as an aid to monitoring 
power output. If the SWR creeps up a 
bit from one end of the band to the 
other, don't worry about it — use the 
matchbox only to keep your rig happy 
— and enjoy your QSOs. 

ham radio 
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portable shortwave converter 


A companion for 
a receiver described 
earlier in ham radio 

To judge by the amount of mail pouring in, it 
appears that the electronic simplicity of my portable 
monoband receiver project 1 has put it well within the 
reach of many homebrewers. A frequent inquiry, 
however, has been how to expand receiver coverage 
and tune in more bands. 

While I've long maintained that a monoband set 
can be built with considerably fewer spurious re¬ 
sponses than multiband affairs, I have to admit that 
some operators may live with in-band birdies better 
than I do. With this objective in mind, I conceived a 
converter designed to go together with the family of 
receivers of reference 1. 

general considerations 

The basic principles that determined the receiver 
design still hold true: the converter must be portable, 
have a small power drain, and be fully compatible 
with the GP-58 and 59 receivers described earlier. 1 
(The GP-60 is a later version currently operational 
that was not included in the article at the time the 
original work was written.) 



Converter front view. The power switch is a two-pole, 
three-position affair that switches the converter off 
and leaves the receiver operating as an independent 
unit. The converter weighs about 12 ounces (340 
grams): current drain is 10 m A at 12 Vdc. 


To make the project easy and compatible with the 
set, the MHz reading normally occurs on the receiver 
bandswitch, but when the converter is plugged in, 
the MHz reading is transferred from the receiver to 
the converter bandswitch. This keeps the design 
straightforward and minimizes the number of cables 
interconnecting the receiver to the converter. 

design 

Frankly, these sets were not designed with con¬ 
verter operation in mind, so I approached the down¬ 
converting scheme with some qualms, even though 
it proved out better than I'd initially expected. Since 


By Jack Perolo, PY2PE1C, P.O. Box 2390, 
Sao Paulo, Brasil 
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the converter can cover (without bandswitching the 
front end) the range 7-22 MHz, the conversion is 
made to the receiver's 2.0-3.0 MHz tuning range. 
Taking as an example the reception of the 11-MHz 
band (25-meter shortwave broadcast), the overall 
conversion scheme appears in fig. 1. 

For the sake of experimentation, three different 
converters were built: the GP-63 is the one described 
here. It uses HC-25/U crystals and a miniature band- 
switch to allow for more compact design. The circuit 
is not critical if the layout shown in the photos is 
followed. 

construction 

" The photos show the GP-63 converter and give de¬ 
tails for its duplication. Its schematic is given in fig. 
2. Cabinet dimensions are 3.5 x 1 x 3.5 inches (90 
x 25 x 90 mm). Cabinet material is 16-gauge stain¬ 
less steel, formed on a 16-ton arbor press. The main 
chassis and back panel are 1/8-inch (3.2-mm) alumi¬ 
num. The bandswitch shield is 1/32-inch (1-mm) alu¬ 
minum. The printed circuit board is mounted on 1/4- 
inch (6.4-mm) pillars fastened with 4-40 (M3) Allen 
screws. To avoid rf interaction, the PC board is dou¬ 
ble sided. The bandswitch is a miniature unit by Cen- 
tralab with ceramic wafers. All the parts are specified 
on the schematic and are easily available in the U.S. 

power supply 

A two-pole, three-position switch on the converter 
panel controls the 12-Vdc external power supply, 
allowing for an OFF position for both the receiver and 



Converter bottom view. At upper right is the printed 
circuit supporting the rf trimmers, followed by the 
bandswitch and, at the left, the crystals (the 13-MHz 
crystal is missing). Below the central aluminum ele¬ 
ment is the lower part of the main printed circuit 
together with its supporting bracket. 



Converter top view. The input toroid is on the printed 
circuit at upper right, followed by the rf transistor, 
mixer toroid, and mixer transistor to the left. Oscillator 
transistor is at the lower left-hand corner of the printed 
circuit. The central aluminum strip acts as converter 
chassis and shield. Below it at the right are the trim¬ 
mers, followed by the two-wafer bandswitch, with 
shielding between them. The adjustment capacitors 
are at lower left, as are the power input/output jacks. 


the converter, a converter (CV) position when both 
receiver and converter operate, and a receiver (RX) 
position, when the converter is switched off and the 
receiver is used independently. Power consumption 
is about 10 mA at 12 Vdc, and it is drawn from the 
same supply of the receiver. To make the converter 
independent, a 9-volt battery might be used instead, 
but at the cost of a size increase for .the converter 
cabinet. 

conversion to 
other frequencies 

By simple crystal replacement and proper front- 
end tuning, the converter can be adapted to receive 
the 14- and 21-MHz Amateur bands (3.5 MHz being 
received directly by the receiver without requiring 
external conversion). 

An alternative option, perhaps of more interest to 
Radio Amateurs, could be to increase slightly the re¬ 
ceiver coverage (as already mentioned in reference 1) 
and tune 3-8 MHz. By so doing, both the 80- and 40- 
meter bands would be covered by the receiver and, 
by winding fewer turns on the converter coils, would 
tune 14, 21, and 28 MHz. 

Worthy of note is the converter output that is not 
tuned, its frequency being solely controlled by the in¬ 
put and crystal oscillator; this converter can there¬ 
fore be easily used at frequencies different from 
those described here. 
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fig. 1. Conversion scheme of the GP-63/GP-60 converter/receiver combination. Set tunes the 2.0-3.0 MHz band and 
receives on 11.71 MHz. 



As always, I'm deeply indebted to Maiso, PV2GP, Electronic Digital Frequency Readout." ham radio, January, 1980, page 42. 

for his continued counsel and support. ham radio 
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frequency modulator 


fora 

2-meter 

synthesizer 

Compatible modulation scheme 
for the CMOS circuit 
published earlier in ham radio 

After my 2-meter synthesizer article appeared in 
ham radio‘d I received two letters indicating that my 
synthesizer, and probably others, cannot be used 
with certain radios. This is because these sets use a 
varactor diode in series with the crystal to produce 
direct fm, and this method will not work with an 
external oscillator. Many potential builders might be 
faced with this problem, so I decided to devise a 
compatible modulation scheme. 

predesign 

Methods of directly modulating the synthesizer 
were first considered then rejected, since the circuit 
boards would have to be modified. Also, I didn't 
think this approach would work too well anyway. 


Methods of modulating the synthesizer output were 
then studied. I breadboarded two quite different cir 
cuits. One of the two gave the desired performance. 

The modulator chosen uses a varactor-tuned tank 
circuit. Passing a CW signal through such a tank cir¬ 
cuit and varying the bias on the varactor results in 
variable phase shift, or phase modulation. This 
phase-modulated signal is then converted to fm. 

Theory books show that phase and frequency 
modulation are the same, except that the deviation is 
independent of modulating frequency with fm and 
increases linearly with frequency in the case of pm if 
the modulating amplitude is kept constant. Changing 
pm to fm requires only that the modulating audio be 
passed through a rolloff filter and is easily achieved 
with a simple RC filter. The only other design prob¬ 
lem is to rid the resulting fm signal of a-m components 
produced by the modulation process (see below). 

modulator design 

Fig. 1 is the schematic of the modulator, including 
an optional speech amplifier.* 


*PC boards and many components are available from RADIOKIT, Box 416H, 


By Tom Cornell, K9LHA, 3631 North 900E, 
Greentown, Indiana 46936 
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The input signal from the synthesizer is attenuated 
in the resistor divider network (R1, R2, R3) to prevent 
overdriving the varactor diode, CR1, Audio voltage 
and approximately 4 volts of bias are fed to the varac¬ 
tor through R7. The modulated output of the tank, 
LI and CR1, is fed to three stages of a 7400 quad 
NAND gate, U1, to eliminate a-m produced by vari¬ 
able attenuation in the tank circuit. The first two 
stages of the 7400 (U1D, U1C) are biased to increase 
sensitivity, and the third stage (U1B) provides limit¬ 
ing as well as sufficient drive for the 2-meter trans¬ 
mitter. (You'll note that the same output circuit is 
used in the synthesizer. 1 ) 

capacitor 

C8 across bias resistor R5 rolls off the gain of the 
7400 second stage to prevent oscillation during 
receive mode when drive is removed. This problem 
did not occur in the breadboard version (which, inci¬ 
dentally, used all four gates of the 7400), and only 
showed its ugly head after I had made the PC-board 
artwork and built a board — another proof of 
Murphy's Lawl 

To make sure the problem was resolved, I installed 
a socket in the modified circuit board and plugged in 
all the 7400s I had on hand. After adding capacitor 
C8, things calmed down with no drive except when a 
74LSOO was used. Steer clear of them in this 
application! 


Dual op-amp U2 comprises a speech amplifier, 
deviation limiter (clipper), and an output amplifier. 
Ac gain in both stages is set by heavy negative feed¬ 
back. The value of R106 can be adjusted to suit a 
wide variety of microphones, and pot R110 sets the 
deviation level. 

When the speech amplifier is used, R8 and R9 are 
omitted; these resistors provide bias for the varactor 
if the speech amplifier is not used. In this case, you 
may also eliminate the speech amplifier portion of the 
circuit board if this will help in packaging the modula¬ 
tor. Both 5- and 8-volt supplies may be swiped from 
the respective regulators in the synthesizer. 

alignment 

Alignment of the modulator requires only two 
adjustments. With the modulator connected to the 
output of the synthesizer, which is set to the center 
of its frequency range, adjust to produce peak output 
from the tank circuit. The diode detector probe used 
in tuning the synthesizer may be of use here. Con¬ 
nect it to one of the outputs of the 7400, and adjust 
LI for peak dc voltage out of the probe. If the speech 
amplifier is used, set R110 for the desired deviation. 
At this point, you should be ready to use both the 
synthesizer and modulator with your rig; however, 
do observe the rig interface information contained in 
the synthesizer article. 1 Shielding the modulator 
would be good practice and may, in fact, be necessary. 
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transmission-line circuit design 


for 50 MHz 
and above 

Using distributed 
resonant circuits for 
vhf/uhf transmission lines — 
Part 5: design example 
for a 2-meter amplifier 

This is the fifth and final part of an article on the 
design of vhf/uhf transmission lines using distributed 
resonant circuits. A practical design example is pre¬ 
sented for a 2-meter amplifier based on general equa¬ 
tions and design relationships 1 and basic design data 
for twelve common line configurations. 2 . 3 ' 4 

design example 

A 2-meter amplifier using 4CX250R tubes is to be 
constructed, and resonant-circuit transmission-tine 
designs for the plate and grid circuits are required. 
The amplifier grid and plate circuits are to be contained 
in a space 17 inches (43.18 cm) wide, 6 inches (15.24 
cm) deep, and 8-3/4 inches (22.23 cm) high (stan¬ 
dard rack panel height). A 3-inch (7.62 cm) high 
chassis is available that is 13 inches (33.02 cm) deep 
and the correct width. The plate circuit enclosure ex¬ 
tends 5 inches (12.7 cm) above the chassis. The 


tubes are mounted at the left end of the chassis, the 
grid circuit below the chassis, and the plate circuit 



By H.M. Meyer, Jr., W6GGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
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above the chassis. Cross sections for grid and plate 
circuits are shown in fig. 22. 

plate-line design 

The tubes can be mounted horizontally or vertical¬ 
ly. Horizontal mounting (fig. 23) permits capacitive 
coupling of tubes to line, which removes the dc plate 
voltage from the line. It's necessary to determine if 
the capacitance that can be obtained by the tube and 
plate line is adequate. 




The width of the 4CX250R plate dissipation fin is 
0.71 inch (1.80 cm), which provides a maximum ca¬ 
pacitor area of 1.1431 square inches (7.38 square 
cm). 

If 0.010 inch (0.0254 cm) Teflon insulation, which 
provides a good voltage insulation capability (600 
volts/mil), is used between line and amplifier tube, 
use eq. 13 1 to calculate the capacitance. Table 54 
lists the dielectric constant values in descending 
order of e for most commonly used insulation 
materials. From this table Teflon is 2.4. The capaci¬ 
tance obtained from using eq. 13 is: 

CpF= (0.225X2.4) | (1) ] = 61.73PF ^ 

At 144 MHz the equivalent reactance is 15.8 ohms. 
Considering the power levels involved for a pair of 
4CX250R tubes this value is unacceptably high, be¬ 
cause the rf current would probably exceed the Tef¬ 
lon dielectric dissipation factor. Consequently, a hard 
connection to the tubes is required for the plate cir¬ 
cuit. Reactance values of 2 ohms or less are accept¬ 
able for power levels in the 2-kW PEP range. Also, for 
this frequency, there's no advantage in mounting the 
tubes horizontally; thus the simpler vertical mounting 
directly onto the chassis is to be used. 

The minimum center-to-center tube spacing, using 
the Eimac SK-610 socket, is 2.8 inches (7.11 cm). If a 
reasonable amount of clearance from line to side wall 
is to be maintained, a value of 3 inches (7.62 cm) 
center-to-center is a good choice. From the original 
17-inch (43.18-cm) width, 3 inches (7.62 cm) is sub¬ 
tracted, leaving a maximum of 14 inches (35.56 cm) 
to accommodate the plate line. If allowances are 
made for connection to the tubes and insulating the 
line from the chassis, a net maximum length of 13 
inches (33.02 cm) remains. 

The characteristics for a push-pull tube arrange¬ 
ment are shown in fig. 24. C 0 is the output capaci¬ 
tance of each tube. The tube capacitances are in 
series across the plate line. The value of C 0 for the 
4CX250R is 5 pF maximum. Therefore, the capaci¬ 
tance shunting the line is 2.5 pF. 
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The next step is to calculate the value of Z 0 that 
results from the available length and the stray and 
tuning capacitance. The latter is assumed to be 7.5 
pF. Using eqs. 1 through 6 or the HP-67/97 program 
in table I, 1 Z 0 is calculated as 

c total = -f 1 + C tune (5 g, 

for these conditions: 

F = 144 MHz 

length = 13.0 in. (33.02 cm) 

Clolal = 10 pF 
C,une = 7.5 PF 
Caul = 5 .0 pF 

The following examples use the tables and figures 
provided. I assume that the programmable calculator 
will be used. 

From eq. 2 or fig. 4,1 X c for 10 pF is 110.5 ohms. 
Using fig. 5,1 0 is determined to be about 4.39 
degrees/in. (6 degrees/cm) for 144 MHz. Therefore, 
01 =4.39x 13 = 57.2 degrees and the tan =1.55 
from fig. 3.1 Rearranging eq. 1 for Z 0 yields 

X c H2 

z o = tempi = 1.55 = 72.25ohms (60) 

This is a low value of Zo for parallel lines, indicating 
that the line length should be shorter to yield values 
of Z 0 between 150 and 400 ohms. If 150 ohms is 
chosen and X c remains the same (112 ohms), tan 
0t = = 0.75 and 0«. is 36.87 electrical de¬ 

grees long. Dividing by 0=4.39 degrees/inch gives 
e =8.4 inches (21.33 cm). This says the 17-inch 
(43.18-cm) wide enclosure is very generous, and 13 
inches (33.02 cm) would be adequate. 

The physical dimensions of the line can be deter¬ 
mined from fig. 17.1 From the geometry of fig. 23 
and placing the line in the center of the cross section, 
h = 2.5 inches (6.4 cm) over the chassis ground plane. 
If copper water pipe with an outside diameter of 
0.625 inch (1.59 cm) is used for the lines, 
j = ^|j = 4. Entering the graph of fig. 17 for a 
value of ^ = 4 and moving up to the Zo = 150-ohm 
line yields a -jp value of 0.6. Therefore, D, the center- 
to-center spacing of the lines, is 0.6 x 2.5 or 1.5 
inches (3.8 cm), an acceptable value. If other spacing 
is desired, other line diameters can be tried. 

The disc tuning capacitor is calculated using fig. 
6.1 A variable capacitor of sufficient insulation can 
also be used; the choice is left to the reader. 

Often the line is made intentionally longer and a 



shorting bar used to set the final operating point. 
That choice is not necessary if the data provided here 
are used. 

In fig. 25, the dc feed point is indicated. It is im¬ 
possible to predict the exact rf balance point because 
of stray reactances. So, it is good design practice to 
insert a small rf choke at this point. Four turns of no. 
12 wire, 3/8 inch (0.95 cm) in diameter and 0.5 inch 
(1.27 cm) long, are adequate. This permits the rf bal¬ 
ance point to center itself at some point in the rf 
choke. The dimensions of this rf choke are not criti¬ 
cal, but it should have a reasonably high Q. The high¬ 
est rf choke Q is generally obtained when the wires 
are spaced a wire diameter apart — the pitch is equal 
to twice the wire diameter. Calendar's equation 
(reference 5) is readily used with this pitch to esti¬ 
mate coil Q: 
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£ - 2.71 + 2.13 (61 * 

where F = frequency (Hertz) 

a = choke radius to center of turn (inches) 

% = choke length to center of first-to-last turn 
(inches) 

This equation is accurate to within a few per cent 
and, for close-wound rf chokes, is high by a factor of 
almost two. 

Reference 6 contains a comprehensive discussion 
of inductances, Q, and the calculation of single-layer 
solenoid choke parameters. 

A further important consideration is the plate cir¬ 
cuit rf bypass capacitor and its placement providing 
balanced, low-inductance rf current return paths to 
the tube cathodes. One of the better choices for a ca¬ 
pacitor is a parallel plate type that uses the chassis as 
one of the capacitor plates and is centered under the 
line between the tubes and the line-support mechan¬ 
ism at the shorted end. The plate is secured to the 
chassis with insulating washers and nylon screws. 
Fig. 25 shows a typical installation, with details for 
the high-voltage feedthrough insulation hold-downs. 
The capacitor reactance should be less than 1.5 
ohms. At 144 MHz, a 5-inch (12.7 cm) by 7-inch 
(17.78 cm) plate, using 0.010 inch (0.25 mm) Teflon 
insulation, provides an 1890 pF capacitor with a reac¬ 
tance of 0.58 ohm. Note that the capacitor is placed 
so that the high plate rf currents find equal and bal¬ 
anced paths to the tube cathode. Using this technique, 
the high voltage feed point is cold to rf below the 
chassis. Make sure that the small balance inductor is 
soldered to a centerline point on top of the capacitor. 
Balanced rf currents produce stable amplification. 

If a fixed rf bypass capacitor of appropriate quality 
is used, the same current balance considerations 
apply. The balancing rf choke is also required. This 
completes the plate line design. Refinements to final 
values can be readily made as desired. 

grid-line design 

The grid-line design proceeds in a manner similar 
to that of the plate-line design. However, the critical 
difference for most tubes is that input capacitance is 
quite high. The 4CX250R input capacity is 17.2 pF 
maximum for grounded cathode configurations. For 
the design configuration considered here, fig. 24 ap¬ 
plies. The net capacitance across the lines is 8.6 pF. 
Note that the push-pull configuration reduces the 
tube input capacitance by two over single-ended de¬ 
signs, a possibly important tradeoff for higher fre¬ 
quencies. If a dual 20 pF tuning capacitor is available, 
and it is assumed to be set at the 15-pF per section 
point, the net tuning capacitor is 7.5 pF in parallel 


with the tube capacitance of 8.6 pF for a total of 16.1 
pF. At 144 MHz, from fig. 4, 1 this is about 50 ohms. 
Going back to eq. I 1 and rearranging, tan 01 = . 

And assuming a Z 0 of 150 ohms, tan 09. = -jjg 
= 0.33. Referring to fig. 3, the 01 length is 21.25 
degrees, or 4,84 inches (12.29 cm), if 0 is 4.39 
degrees/inch. 

From the geometry described in fig. 22, h = 1.5 
inches (3.81 cm), requiring the line to be centered in 
the chassis. If no. 10 wire (0.102inch, 0.26cm) is used 

for the line, §= 0 102 = 14 - 71 Referring to fig. 17 
and entering at a value of 14.71 for h/d provides a 
value of 0.13 for D/h. Solving for D, the center-to- 
center distance of the grid lines gives 
D = 0.13h = 0.13xl.3 = 0.2 inch (0.51 cm). This is 
not a practical value, because the outside diameter 
spacing of the conductor leaves only 0.098 inch (0.25 
cm) separation. If a Z 0 of 350 ohms is chosen, the 
length will change but the D will increase, from fig. 
17, to 1.5x0.7= 1.1 inches (2.67 cm), an acceptable 
value. The new line length is now calculated for 
Z g=350 ohms, tan 0.143. Referring to 

fig. 3, this is about 10 degrees. Dividing by 4.39 (0 
degrees/inch) yields 2.28 inches (5.8 cm) line length. 

It is clear that this design is now realizable. But 
electrical line lengths of 12 degrees or less are un¬ 
desirable; the minimum value should be about 20 de¬ 
grees. Remember the tuning capacitor we chose ear¬ 
lier and its setting of 7.5 pF net capacitance across 
the line? If that is reduced to 5 pF, the line length can 
be extended to an acceptable value. 

As in the plate line, a balancing rf choke is used at 
the center point of the bias feed for the grids. Five 
turns of no. 16 wire, 0.25 inch (0.65 cm) in diameter 
and 0.5 inch (1.27 cm) long, are adequate. The same 
rules stated earlier for balancing rf currents apply 
here. The grid rf bypass capacitor is grounded on the 
centerline of the tubes and grid line. A parallel plate is 
not recommended for the grid because, in this case, 
it would interfere with the plate circuit bypass 
capacitor. 

special consideration 

If the 4CX250R tubes described here for 144 MHz 
use were considered for 432 MHz single-ended use, 
the input capacitance of 17.2 pF maximum places the 
first ^ point inside the tube header, even if the line Z 0 
is chosen to be 10 ohms — a relatively impractical 
number. Because of the required line diameter and 
close spacing to the ground plane a coaxial tank is 
assumed. A simple solution is to use multiple ^ line 
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WANTED FOR CASH 



4CX1000 
4CX1500 

4CX3000 4CX10.000 4-65 4-250 4-1000 

4CX5000 5CX1500 4-125A 4-400 ' 304TL 

Other lubes and Klystrons also wanted. 

H ighest price paid for these units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 


DCO, INC. 


10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 

800-526-1270 Evenings (201) 998-6475 



HE WORLDS FIRST 

1800 CHANNEL FULLY SYNTHESIZED 
COMPACT VHF FM MOI'ffrOR 


A R -22 

FACTORY DIRECT 
PRICE $125.00 

| FULL BAND COVERAGE 
141.000-149.995 MHZ 
5 KHZ Steps by digital 
switches. 

I SLIM SIZE AND LIGHT¬ 
WEIGHT. 

5%"(H) x 2V4" (W) x 1"(D) 

7.1 oz with NiCd Battery Pack 



Y COMMERCIAL 


ACE COMMUNICATIONS, INC. a 
2832-D Walnut Avenue, Tustin, California 92680 
Phone (714)544-8281 



comments 

The example presented is simple, but it does show 
the required iterative design process you can imple¬ 
ment to achieve a specific solution. Much has been 
left unsaid. The shortened line at uhf and above due 
to device capacitance deserves an equally lengthy 
treatment, as does the microstrip design area, which 
was not discussed here at all. 
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improved receiver performance 


for the Heathkit 
SB-104A 

Modifications for 
better sensitivity, selectivity, 
and overload capability 

The Heath SB-104A is a good transceiver. It can 
be made even better by incorporating the simple 
modifications described in this article. The modifica¬ 
tions, if made according to the directions given, will 
provide significant improvements in: 

1. Receiver sensitivity, especially on the 10- and 15- 
meter bands; 

2. Receiver selectivity in the SSB mode; 

3. Receiver strong-signal-handling capability. 

These modifications, as well as a few others, have 

been developed over a two-year period with great 
care and attention to detail. Before snipping any 
wires, I strongly recommend that you fully under¬ 
stand what is being accomplished by each and every 
circuit change. In addition, the modified circuits 
should be studied and compared with the original 
Heath circuits. 

receiver sensitivity improvements 

In my opinion, the SB-104A suffers from inade¬ 
quate sensitivity, especially on 10 and 15 meters. The 
six bandpass filters for the 80- through 10-meter 
Amateur bands, located on circuit board G, are diode 
switched. That is, when the radio is on a particular 
band, diodes on circuit-board G associated with the 
bandpass filter in use are forward-biased to provide a 


low-loss rf path for that band. The diodes do have 
some loss, however. These losses can be reduced by 
replacing diodes D701 through D704 (Heathkit parts 
designations); D707 through D710; D713, D714; and 
D717, D718 with Motorola MPN3401 PIN diodes,* 
which are intended for rf-switching use. (See fig. 1.) 

To make the mods, first remove the original 
diodes, using a Solderwick.™ Install the new PIN 
devices in place of the original diodes. Pay attention 
to the polarity of the MPN3401s. These devices are in 
a square epoxy package; the end with the ridge, or 
high spot, is the cathode. The leads on the MPN3401 
are very short, so they must be mounted on the foil 
side of the board. 

mixer improvements 

The next step is to replace the receiver mixers. The 
original first and second mixers on board G can be 
improved by substituting minicircuit Labs SBL-1 
broadband mixers. t 

These new mixers provide better isolation between 
ports and have less conversion loss than the original 
mixers. They also have good strong-signal-handling 
capabilities. They are commonly used in high-per¬ 
formance uhf receiving systems. 

To make the mixer modification, first remove the 
Heath first mixer, consisting of T701 and T702 and 
diodes D719, D721, D722, and D723. Also remove 
capacitors C741 and C742. Apply some epoxy to the 
top of one of the SBL-1 mixers and cement it to the 
component side of the board, as indicated in fig. 1. 
The pins on the mixer should now be facing upward. 
Wire the mixer as shown using two 0.01-^F capaci- 


‘ Available from Circuit Specialists, Box 3047. Scottsdale, Arizona 85257. 

'Available from Advanced Receiver Research, Box 1242, Burlington. Con- 
necticut 06013. 


By Richard Tashner, N2EO, 163-34 21 Road, 
Whitestone, New York 11357 
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tors. The capacitors connect from the mixer module 
to one of each of the indicated holes in the PC board. 

Next remove the Heath second mixer by removing 
T703, T704, D724, D725, D726, D727, and epoxy the 
new SBL-1 second mixer to the board. Wire as indi¬ 
cated. No additional capacitors are needed on the 
second mixer, as they already exist on the PC board. 

Finally locate transistor Q702. This transistor is a 
2N5109, which is an epitaxial planar low-noise 
device. It is used as a post amplifier between the first 
and second mixers. 

Remove R721, the 1-kilohm collector resistor and 
replace it with a 1-mH choke. Next remove R722, the 
560-ohm emitter resistor, and replace it with a 100- 
ohm resistor. Finally replace C745 emitter bypass 
capacitor with a 0.01 -/iF disc capacitor. 

The above modification serves two purposes. 
First, it increases collector current to about 100 mA, 
which greatly reduces the chances for the stage to 
clip on strong signals. (The 2N5109 is rated for an 1C 
of 400 mA.) It also increases the stage gain, which is 
needed to overcome the losses of the second crystal 
filter. 

At this point, reinstall board G. Turn on the SB- 
104A, and check out the receiver to make sure it's 
receiving on all bands. 

Next pull out the board, install the extender board 
in the SB-104A along with board G, and retune the 
filters and second mixer trimmers according to the 
Heath operation manual. If a scope and sweep gen¬ 
erator are available, the board may be sweep- 
aligned. 


taming the noise blanker 

The next step is to rewire the noise blanker as 
shown in fig. 2. This modification will allow the 
blanker to be totally removed from the signal path 
when turned off. I found that the blanker caused 
cross modulation, even when turned off, by virtue of 
its being in the signal path at all times as originally 
wired. The noise-blanker switch is a dpdt and no 
problems should be encountered in wiring it as indi¬ 
cated in fig. 2. Use shielded cable (RG-174/U). 

improving SSB selectivity 

To improve skirt selectivity on SSB, remove the 
original crystal filter from circuit board E and install a 
Fox Tango Corporation 33H2.1 filter* in its place. 
Mount the original SSB filter to the chassis just to the 
left of the VFO, directly in front of the noise blanker. I 
suggest that you measure the filter dimensions care¬ 
fully; make a template, and tape it to the chassis 
before drilling the four mounting holes. Drill up from 
the bottom of the chassis. 

The new filter is wired as shown in fig. 2, using 
two 15.5-pH coils and two 150-pF mica capacitors, 
which provide the proper impedance match for the 
filter. 

further improvements 

More modifications were made to the SB-104A to 
achieve the following goals: 


Florida 33406. 
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fig. 2. Block diagram showing cascaded filter system. A Fox Tango Corporation 33H2.1 filter is substituted for the 
original Heath crystal filter, which is relocated on the chassis as described in the text. Wiring changes to the noise 
blanker are also shown, completely removing it from the signal path when turned off. 


1. To further improve strong-signal-handling capa¬ 
bility 

2. To improve the active audio filter 

3. To reduce receiver hiss 

4. To provide a slower AGC release time 

Make the following changes to board F. Refer to 
fig. 3, which is a partial schematic of board F. (Parts 
designators are as shown in the Heath schematic.*) 
Proceed as follows: 

1. R513. Remove the 2400-ohm resistor and replace 
it with a 1-meg resistor. 

2. R502. Remove the 820-ohm resistor end replace it 
with a 1500-ohm resistor. 

understand just what is being done when these modifications are made. 
Before attempting to make any changes, study the Heath schematics for 
the SB-KMA and familiar zo yourself with the original design so that you 
thoroughly understand how the changes are made, why they are made, 
what components are involved, and how to proceed without damaging the 
radio. The importance of this advice cannot be overly stressed. 


3. R514. Remove the 620-ohm resistor and replace it 
with a 100-ohm resistor shunted by a 0.01-ftF 
capacitor. 

4. R517. Remove the 2400-ohm resistor and short the 
foil with a jumper. 

5. R511. Remove and discard (or save for your 
junkbox). 

6. R512. Remove the 4700-ohm resistor and replace 
it with a 1-mH choke. 

7. R516. Remove and discard. 

8. R518. Remove the 10k resistor and replace it with 
a 1-meg resistor. 

9. R572. Remove the 4700-ohm resistor and replace 
it with a 2200-ohm resistor. 

10. R541. Remove the 1500-ohm resistor and replace 
it with a 1000-ohrn resistor. 
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11. R545. Remove the 820k resistor and replace it 
with a 2.2-meg resistor. 

12. R546. Remove the 5.6-meg resistor and replace it 
with a 33-meg resistor. 

13. C535. Remove the 2.2-nF tantalum capacitor and 
replace it with a 5-/iF, 15-volt electrolytic capacitor. 

14. Q502, Q503. Remove and replace with 2N3819 
JFETs. See note 1 on fig. 3. 

On the right-hand upper corner of board F, from 
the component side of the board, locate the foil 
going to Q517 base and carefully drill a 1/16-inch 
(1.6-mm) or smaller hole through the base foil and 
the ground foil. Scrape off the green or blue coating 
around the holes and install a O.I-i/tF Mylar capacitor 
in the two holes. 

Locate coil L501 and remove the associated 100-pF 
mica capacitor. Replace it with a 130-pF mica 
capacitor. 

Solder a 10-75 pF trimmer (Heathkit 31-78) across 
the pins of L501. Piggyback this trimmer on top of 
L501 by soldering the trimmer directly to the top of 
the pins on L501. 

Install board F in the extender board in the SB- 
104A. Either peak the 10-75 pF trimmer for maximum 
noise, or, if a signal generator is available, put the rig 
on 80 meters and inject a signal into the antenna 
jack. Use only enough signal to get an S-5 or so 
meter reading. Peak the 10-75 pF trimmer for maxi¬ 
mum S-5 meter reading. Use care not to saturate the 
i-f. Use only as high a signal level as is necessary. 

Next, remove board D and change capacitor C441 
(33pF) to 100 pF. This change increases HFO injection 
and reduces receiver overload. Reinstall board D. 

Remove transmit audio regulator board B, and 
make the following changes: 

1. Change R217 from 4700 to 2200 ohms. 

2. Remove Q207 and replace it with a Radio Shack 
276-2026 transistor. 

The reason for these changes on board B is as 
follows. Q207 is the PTT switching transistor. When 
Q207 conducts, the relay in the SB-104A closes, and 
the unit is in the transmit mode. Before I changed the 
transistor. I'd had two failures of the Q207. For that 
reason, the Radio Shack device was installed; it's a 
tab-type transistor and is more capable of supplying 
the necessary collector current without premature 
failure. 

If this change is made, you must reduce the value 
of R217 from 4700 ohms to 2200 ohms. If you don't 
plan to change Q207, leave R217 alone. When install¬ 
ing the new Q207, bend the leads of the transistor at 


a right angle and allow the transistor to lie over the 
top of IC202. This will allow PC board B to slip into 
its compartment in the chassis. 

Additional changes to board B, which are option¬ 
al, are as follows. R214, the collector resistor of 
audio transistor Q201, may be reduced from 33k to 
15k. This change will eliminate asymmetrical clipping 
— which may cause slight audio distortion during 
transmit in some units — in Q201. 

Capacitor C204, the 0.01 -/tF coupling capacitor on 
Q201's base, may be increased to a 0.1-^F Mylar. 
This change will increase the low-frequency 
response of the transmit audio. This is a personal 
preference. You may like the transmitter audio better 
one way than the other, so get some on-the-air 
checks from a few local stations and try the two dif¬ 
ferent capacitor values. 

Finally, one change suggested by Heathkit is as 
follows. Remove the ALC/filter board and change 
capacitor C887 on Q802's emitter to a 0.68-fiF tanta¬ 
lum. If your rig is of late vintage, the 0.68-/tF cap may 
already be installed. 

test results 
after modification 

Three other active Amateurs are located within a 
half mile of me. After modifications were made, I 
made on-the-air checks with two of these stations. I 
was able to tune my SB-104A 18-20 kHz away from 
the other stations' 60 dB over S-9 signals and only 
slight desensitization was noted. Stations as weak as 
S-3, 30 kHz away from the 60-dB over S-9 local SSB 
signals, were solid copy, and only a slight hiss was 
noted while the local station was transmitting. These 
tests were made with the noise blanker off. 

The Heathkit SB-104A was also tested side-by- 
side with a top-of-the line Japanese transceiver. 
Both rigs were connected to a common antenna. 
The two units ran neck-and-neck as far as sensitivity 
was concerned. All bands, 80-10 meters, were 
tested. When the two rigs were tuned to the same 
station, the SB-104A had much less receiver hiss 
than the Japanese rig, which made the SB-104A 
much more pleasant to listen to. The modified AGC 
action was very pleasant to listen to. No pumping 
was present in the SB-104A after modification. 

A comparative check of selectivity was also made 
on both units. Tuning the same station on upper 
sideband on the Japanese rig, and moving off fre¬ 
quency produced a high-pitched "Donald Duck" 
response that could be heard up to 3.5 kHz away 
from center frequency. However, on the SB-104A, 
tuning more than 2.8 kHz away from the center fre- 
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FAST SCAN ATV 


WHY GET ON FAST SCAN ATV? 
i You can send broadcast quality video of home mov 
tapes, computer games, etc. at a cost that is less thar 
• Really improves public service communications foi 
RACES, CAP searches, weather watch, etc. 

> DX is about the same as 2 meter simplex - IS to 10 



FMA5 Audio Subcarrier adds 
standard TV sound to the 

picture.S 29 ppd 

SEND SELF-ADDRESSED STAMPED ENVELOPE 
FOR OUR LATEST CATALOG INCLUDING: 

Info on how to best get on ATV, modules for the builder, 
complete units, b&w and color cameras, antennas, monitors, 
etc. and more. 20 years experience in ATV, 

Credit card orders call (213) 447-4565. Check, Mom 
Orderc - - - ■■ 
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HoRlzSJIsA?i EOUT 

Everything must gol 
Prices slashed beyond belief 

Bound Volumes I$24?©6-6Su 

For Ihe Ham who warns only Ihe very besi. A lu'l year ol HORI¬ 
ZONS. attractively bound at a lanlaslically low, tow price. The best 
way lo keep ihose back issues handy. 

Now just $19.95 each All three $49.95 

1977 1978 1979 

□ HBV 77 DHBV 78 HBV 79 

Magazine files 

Cardboard liles are perlecl lor any o| Ihe magazines you save 
Slurdy and compact way lo organize your ham lihrary 
Just $.95 each 

Buy three for $1.95 and $ave . HR-HRHF 

Binders 

Already have a lull year ol HORIZONS on your shelf? Want a real 
simple and attractive way lo put them in order? HORIZONS binders 
will do if al a traction ol Ihe cost ol bound volumes Covered with 
Ihe same attractive material used on bound volumes, HORIZONS 
binders are an inexpensive and sharp way lo save your precious 
back issues. 

Now just $4.95 each 

Buy three lor $12.95 and $ave .. HR-HRDL 

ORDER TODAY — QUANTITIES LIMITED 

HAM RADIO’S BOOKSTORE 

Greenville, New Hampshire 03048 


quency produced a sharp cutoff of the signal, and 
the same signal that was heard 3.5 kHz away on the 
Japanese rig was undetectable on the SB-104A. The 
i-f shift control in the Japanese rig was purposely left 
in the center position and not used during the 
checks. Turning the i-f shift knob did not help the 
Japanese rig; however, the cascaded filters in the 
SB-104A were definitely doing their job. Before mod¬ 
ification, the SB-104A exhibited lockup of the AGC, 
which would manifest itself with the S-meter hang¬ 
ing up at S-6 across large portions of the band when 
a strong local signal was on. After modification, this 
problem totally disappeared, and just a barely per¬ 
ceptible increase in hiss was noted. 

some afterthoughts 
concerning the SB-104A 

As mentioned, the tests were made with the SB- 
104A noise blanker turned off. Turning on the blank¬ 
er still produces cross modulation. This is because 
the noise blanker keys on signal as well as noise. 
Because of the broadband nature of the rig, the 
blanker is subjected to 500 kHz or more of crowded 
spectrum when turned on, and it just can't handle 
that much signal- One answer to this problem is to 
put a monolithic crystal filter about 6 or 8 kHz wide 
ahead of the noise blanker. During the modifications, 
I placed the 2.1-kHz filter ahead of the noise blanker, 
and the cross modulation totally disappeared. How¬ 
ever, the blanker became totally ineffective on noise 
spikes. Propagation through the filter caused the 
pulses to be rounded off, rendering the blanker inef¬ 
fective. For this reason only a modest filter should be 
placed in front of the blanker so that .the pulses will 
not be rounded off, and the spread range of signals 
presented to the blanker at any one time will be 
reduced, 

I would greatly appreciate hearing from others 
who have done work in this area, and I will answer 
questions upon receipt of a self-addressed stamped 
envelope. 
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measuring receiver 
dynamic range: 
an addendum 

In a previous article 1 I explored 
methods for determining perform¬ 
ance of manufactured receivers using 
simple equipment and procedures. I'd 
like to update these data with the re¬ 
sults of some further measurements 
(table 1). 


table 1. Updated measurements of manufactured receiver performance in terms 
noise. Data supplements those in reference 1. 

of local-oscillator phase 


tone 


bandwidth (kH2) at 

a 

S-meter 


input 

blocking 


rejection of 


(S9 level. fiV, 

receiver 

(dBm) 

(dBm) 

60 dB 

70 dB 

80 dB 

90 dB 

and linearity) 

Collins KWM380 

-33 

-40< 

10.06 

15.66 

—6 

—6 

71 excellent 

Drake TR7/DR7 No. 2 late 

-34 

-424 

3.9 

4.3 

4.6 

4.8 

63 good 

Ten-Tec Omni-D No. 2 

-38 

-21 

4.1 

4.7 

5.9 

9.5 

63 good 

Drake TR7/DR7 No. 3 late 

-39 

-444 

4.3 

4.9 

5.6 

—6 

20 good 

Drake TR7/DR7 No. 1 early 

-41 

-32 

3.8 

5.6 

6.3 

6.6 

22 fair 

Ten Tec Omni-D, Bseries 

-42 

-21 

4.0 

5.0 

6.5 

11.4 

71 good 

Collins 7553B late 

-44 

-20 

4.5 

5.1 

5.8 

6.3 

250 good 

ICOM IC-701 No. 1 

-46 

-26 

5.2 

9.4 

15.4 

- 

20 poor 

Swan Astro 102 BX 

- 46 

-36 

4,2 

7.5 

15.2 

- 

71 fair 

Yaesu FT-107M 

-46 

-38 

3.6 

3.8 

4.0 

24 

2 bad 

Ten-Tec Omrii-D No. 1 

-48 

-20 

4.4 

6.3 

10.1 


36 good 

Ten Tec 544 (Triton IV) 

-48 

-30 

6.0 

- 

- 

- 

20 poor 

ICOM IC-701 No. 2 

-49 

-45 

7.4 

- 

- 

- 

35 fair 

Swan Astro 150 

-50 

-30 

4.4 

5.1 

12 

- 

89 fair 

Atlas 350XL 

-51 

-28 


4.0 


7.0 

150 poor 

Collins 7553B early 

-51 

-32 






CIR Astro 200 

-52 

-35 






Yaesu FT-101ZD No. 1 

-53 

-43 

3.4 

3.8 

5.3 

6.5 

25 fair 

Ten-Tec Century 21 

-54 

-20 






Yaesu FT-901DM 

-56 

-29 

3.6 

7.6 

16.7 


8 poor 

Drake R4C 

-57 

-345 

4.0 

4.5 

4.6 

4.6 

16 good 

Yaesu FT-lOiZD No. 2 

-57 

-41 

3,8 

4.0 

4.1 

5.0 

22 good 

Ten-Tec Argonaut’ 

-58 

-35 

4.0 

5.5 

14 

18 

8 poor 

Kenwood TS-820S 

-60 

-34 





110 good 

Kenwood R-820 

-60 

-424 

3.8 

5.2 

12 

- 

50 excellent 

Kenwood TS-120S No. 1 

-62 

-40 

4.1 

8.0 

- 

- 

50 fair 

Yaesu FT-301S 

-64 

-36 





30 poor 

Heathkit SB-3032 

-64 

-41 

4.4 

6.0 

1 9.0 

10 

70 good 

Collins KWM2 No. 2 

-65 

-26 

4.5 

5.1 

6.0 

1 6.3 

20 poor 

Yaesu FT-101E 

-65 

-36 





10 good 

Signal One CX7A 3 

66 

> -6 

3.2 

6.3 

7.1 

7.1 

j 20 excellent 

Yaesu FT-301D 

68 

-32 





65 poor 

Kenwood I S-520S 

-72 

-36 



■ 


70 fair 

Collins KWM2 No. 1 

-74 

-33 






Kenwood TS-120S No. 2 

appx. 

appx. 






and No. 3 

-100 

-50 






OTHER EQUIPMENT 







| 50 excellent 

Drake R7 preamp off 

-31 

-434 

4.2 

5.0 

6.0 



preamp on 

-42 

-484 






Kenwood TS-180S 

-66 

-50 

1 42 

4.3 

4.5 

4.8 



-71 


i 44 

68 

24 


| 80 good 


Notes: 

1 Modified lor maximum selectivity. 

2 Modified mixers. 

3 Modified for maximum sensitivity. 


4 10 phase noise is causing these low readings, also i 

5 For a close-in signal, 4 kHz spacing. 

6 Selectivity is being compromised by L0 phase noist 


i inputs to look better than they really are. 
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As you can see by examining table 
1, the next area deserving attention is 
reduced local-oscillator phase noise. 
Several of the better radios could be 
much improved in the reciprocal mix¬ 
ing area, thus better use could be 
made of their excellent filters if the 
phase-locked loop bandwidth were 
reduced. 


Another problem cropping up is 
the presense of many strong spurious 
responses when receiving a single 
strong signal, as in the selectivity 
test. 1 Almost every radio using a syn¬ 
thesized local oscillator has this prob¬ 
lem. Equipment using a more con¬ 
ventional scheme is usually clean or 
has only an occasional spur. 


Let's keep up the pressure on re¬ 
ceiver manufacturers to do a better 
job in these areas. 

reference 

1. Sidney Kaiser. WB6CTW, "Measuring Receiver 
Dynamic Range," ham radio. November, 1979, page 

Sid Kaiser, WB6CTW 


geostationary satellite 
bearings with the 
TI-58/59 programmable 
calculator 

This TI-58/59 program will give the 
elevation and azimuth antenna bear¬ 
ings needed to acquire geostationary 
satellites for any location on earth. 


WB8DQT 1 gave an excellent descrip¬ 
tion of the seven-step equation used, 
so I will give only the details needed 
for use with the TI-58/59 calculator. 

The program takes from 4 to 9 sec¬ 
onds to run after E' is pressed. Initial 
memory partitioning is adequate. An¬ 
gular mode is degrees. Elevation and 
azimuth are displayed to the nearest 


tenth of a degree, close enough for 
any ham application An elevation of 
90 degrees is straight up so no azi¬ 
muth is needed. 

reference 

1. Ralph E. Taggart, WB8DQT "Microcomputers 
and Your Satellite Station," 73, February, 1980, 

Larry Kushner, WA6BKC 


TITLE GEOSTATIONARY S>rajLJJE_|EAjI!jS;»SE_!_OF.i . Tl FVogrOmrriOble IJir, 

programmer _LARsr_KusHKEB^_ oate tune i o, iwo Program Record v 
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MASSACHUSETTS: Framingham Amateur Radio Associ- 
ation's annual Spring Flea Market on April 12th at the 
Framingham Police Station drill shed. Talk-ln on .75/.15 
and .52. More Info: Ron Egalka. K1YHM. 3 Driscoll Dr.. 
Framingham. Massachusetts 01701. (617) 877-4520. 

MASSACHUSETTS: The Wellesley Amateur Radio Socie¬ 
ty's annual auction on April 18th at the Wellesley High 
School cafeteria on Rice St.. Wellesley. Talk-in on 
.60/.03, .04/.64, and .52. Contact: Kevin P. Kelly, 


VHF COMMUNICATIONS 

a quarterly radio amateur magazine specializing in 
HF. UHF. and microwaves An introductory annual 

SELECToVnc." 

372 0 Bel Marin Keys Blvd.. Novalo. CA 94947 
Phono: (415)883-2478 Telex: 171-046 


~ PLUS $150 POSTAGE 

TRIONYX INDUSTRIES 

6219 COFFMAN ROAD 
INDIANAPOLIS, IND. 46266 
317-291-7260 

MASTER CHARGE/VISA — ACCEPTED 
DEALES PRICING UPON REQUEST 
WE CAN PUT ANY TYPE OF 
CONNECTOR ON THE ANTENNA 
WRITE FOR PRICE AND AVAILABILITY. 


MASSACHUSETTS: The Middlesex Amateur Radio 
Club's first annual indoor Ilea market on April 26th at the 
Wayland High School Commons Building In Wayland. 
Talk-in on 147.96/ 36 and 146.52 direct. Advanced reser¬ 
vations ($6.00) to trying Goller, WA1CDW. Apt. 8422A. 
1450 Worcester RU.. Framingham. Massachusetts 01701. 

MINNESOTA: The North Area Repeater Association s 
swapfest and exposition for radio amateurs and com¬ 
puter hobbyists on May 30th at the Minnesota State 
Fairgrounds in St. Paul. Talk-ln on .16/.76 and .52. More 


MISSOURI: Indian Foothills A.R.C. 6th annual Hamlest 

Marshall, 7 Missow| S ^ltore in^ol^PhyM^French^WWI^ 
Route 4. Box 168. Sedalla. Missouri 65301. (816) 826-8319 
after 5 P.M. or K0BVB at (816)886-2837. 


NEW 

LICENSE MANUAL 

See page 111 
For Order 
Information 
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ALUMA TOWER COMPANY 

BOX 2806HR 

VERO BEACH. FLA. 32960 
(305) 567-3423 TELEX 80-3405 



COLORADO: The Rocky Mountain VHF Society's annual 
spring hamlesl on May 17th at the Boulder National 
Guard armory. 4750 North Broadway Talk-in on 
146.16/.76 and 146.52. More inlo: Richard Ferguson. 
KA0DXM. 1150 Albion Rd.. Boulder. Colorado 80303. 
(303)499-2871. 

CONNECTICUT: Fourth annual P.V.R.A. Flea Market on 

lord. Connecticut More info: Arnie, K1NFE, P.O. Drawer 
M. Platnville, Connecticut 06062. 

FLORIDA: Annual "Conchlest" on May 16th and 17th 

Shell blowing contest. Tickets: $25.00/person and $15.00 
lor harmonics under twelve. Special rate at Sportsmen’s 
inn. More inlo; Key West A.R.C.. P.O. Box 2371. Key 
West. Florida 33040. 

ILLINOIS: The Rock River A.R C 's 15th annual hamfest 
on April 26th at the Lee County 4-H Center near Amboy. 
Talk-in, Dixon repeater ,37/.97 simplex. More inlo; Chuck 
Randall. W9LDU. 1414 Ann Ave.. Dixon. Illinois 81021. 

{815)284 6380 _ 

NEW ENGLAND: The Hosstraders will hold their Eighth 
Annual Tailgate Swaplest. Saturday. May 9. at the Oeer- 
lield. New Hampshire. Fairgrounds. Admission: one 
dollar, includes tailgating and commercial dealers. Prof¬ 
its benefit Boston Burns Unit ol Shriners - Hospital tor 
Crippled Children Last year we donated $2058.16. Talk- 
in .52 and 146.40-147.00 Questions about New England’s 
biggest flea market? SASE to Joe K1ROG, Star Route. 
Box 56, Bucksport, ME 04416. or Norm WA1IVB. RFC. 
Box 28. West Baldwin. ME04091 or Bob W1GWU. Walton 
Rd.Seabrook.NH 03874. 

NEW JERSEY: The 6th Trenton Computer Festival at 
Trenton State College, Trenton on April 25th and 26th. 
More into: TCF-81. Trenton State College. Millwood 
Lakes. P.O Box 940. Trenton. NJ 08625. (609) 771-2487. 

NEW JERSEY: The DeVry Technical Institute WA2MDT 
A.R.C.’s 5th annual Amateur Radio and Computer Flea- 
market on May 2nd at the DeVry Technical Institute. 479 
Green St.. Woodbrldge. NJ. Talk-in on 146.52. More inlo 
call: Frank Koempel. WB2JKU. 634-3460 or Steve 
Haiducek. XA2)FX. 727-5962 

NEW YORK: The Southern Tier A.R.C.s Hamlest on May 
2nd on Route 17C. east ol Owego. Talk-in on .16/ 76 and 
.52. More Inlo: D.R, Vasilow, W2EWO. Star Route 1. Box 
35. Owego. NY 13827. (607)687-1515. 

NORTH CAROLINA: The Raleigh Amateur Radio Socie- 

Valley Mall, U.S. 70 West, Raleigh. Talk-in (Saturday and 
Sunday) on 146.04/.64 and 146 28/.88. More inlo; R.A.R.S. 
Hamlest. P.O. Box 17124. Raleigh. NC 27619. 



SOUTH CAROLINA: The Blue Ridge A.R.S. s annual 
hamfest on May 2nd and 3rd at the American Legion 

S.A.S.E to: B.R.A R.S.. 200 Walker Sp. Rd.. Taylors. SC 
29687 

TENNESSEE: The first Tri-Cities Hamfest on May 2nd 
and 3rd at the Appalachian Fairgrounds in Gray. Spon- 

A.R.C.s. More inlo: Tri-Cities Hamfest. P.O. Box 3882 
CRS. Johnson City. Tennessee 37601. 

WASHINGTON:The Inland Empire Swaplest on April 
25th at the Spokane Interstate Fairgrounds’ Floral 
Building in Spokane. Talk-in on 146.34/.94 and 146.52 
simplex. More info S.A.S.E. to; Swap Fest. c/o Jan 
Thieman, KA7DUU, 7803 E. Mission. Spokane. W^shing• 
ton99206. 

WISCONSIN: The Ozaukee Radio Club’s annual indoor 

Center Gym on Washington Ave., 22 miles north ol Mil¬ 
waukee. Talk-in on 146.37/.97 and 146.52. More info 
S.A.S.E. to: Ozaukee Radio Club. P.O. Box 13. Port Wash- 
ington. Wisconsin 53074. 

WISCONSIN: Green Bay Mike and Key Club’s swapfest 
on May 17th at the Ashwaubenon Recreation Center. 
Anderson Dr. Talk-in on 147.72/. 12 and 146.52. More Inlo: 

Green Bay. Wisconsin 54304. 


Now get 
’real capabilities" 
In audio filtering! 

o'ooc c 

wwq; rrrr , 6 • 

Signal Enforcer*" $169.95 

The Kantronics Signal En¬ 
forcer is a high-quality dual 
filter that gives you greater 
capabilities In audio filtering. 

Here Is what Dennis w. 
Phillips, KA4RUL, of Orlando, 
Florida wrote about his Signal 
Enforcer: 

am the proud owner of 
your Signal Enforcer dual 
filter. I really like it. Tops! 

I opted to buy a speaker 
and baffler and your audio 
filters, so for a little more I 
got some real capabilities in 
audio filtering. 

I like it... Thanks for a good 
product, l had them take the 
top off of the filter and com¬ 
pare it with the (other brand 
of) dual filter, well you have 
it made hands down. That 
comparison alone would sell 
anyone on Kantronics. Cood 
workmanshipl jj 

The varlfllter, a single audio 
filter, Is an exact duplicate of 
one Signal Enforcer filter and Is 
built with the same high-quality 
workmanship. Both models are 
variable In frequency and band¬ 
width. 

The Signal Enforcer and 
varlfllter also feature built in 
115-230 Vac power supply, con¬ 
stant bandwidth (regardless of 
frequency), audio amplifier, 
computer grade parts and 
precision potentiometers. In ad¬ 
dition, the Signal Enforcer In¬ 
cludes a demodulator output. 

If It Is high-quality, expand¬ 
ed capabilities and fine work¬ 
manship you are looking for, 
the Signal Enforcer or varlfllter Is 
your best bet. 



■ varlfllter*" $119.95 

! Kl Kantronics 

! (913)842-7745 

I 1202 E. 23rd Street 

| Lawrence, Kansas 66044 

L__ 
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More Details? CHECK-OFF Page 114 


april 1981 M 97 












OPERATING EVENTS 


An 

P^8044 with 
Speedmeter* 


<lon Hamvention. Certificates available. S 
to anyone contacting W8BI. Send QSL to 
>x 44. Oayton, Ohio 45401. Frequencies: 


from CURTIS 

* EK-4B0: C MOS Deluxe Keyer. $134.85 

* EK-4B0M: Above plus spaedmeler 14985 

J N-4B0; NemoryMale 12495 

* IM-4B0: Instructo-MemoryMili......,. ; l79affi| 

* KB-4B0; Hum KeybmrdMile-.. igS.^S 

* KB4900: MoriBflTTY ktyboird .,.......... 39985 


(8044-3:1C. PCS. Socket, Manual r.. 24.95/ 

: ' - 8044 M jmci. iptadimlaf lunctl add t&OO .1 

18045: Mona Keyhaard-On-A-Chlp 1C 59.95] 

M045.I; 1C. PCB. FIFO. Batkalt. Manual .. ,/M^ 

[9045; InatructokiyerOnAChip 1C .49»| 

8047; Message Memory bn-A Chip 1C ... 3985; 

80474; 1C. PCB. RAM. Sockets. Manual ......... 69.951 

If* |idd 11.75 on kill lor piitijiml Handling! 

Curtis Electro Devices. Inc. 

(4151494-7223 


Suggested Irequencles 3.915, 14.305. 21.385. and 28.620 
MHz. On phone listen lor CO St. Cloud 125th Birthday. 
Send your QSL with S.A.S.E, to George Frederlchson, 


Clemens, Michigan will operate Irom the Mount Clem¬ 
ens Train Depot from 1400 UTC May 2nd to 2000 UTC 
May 3rd. Boyhood home ol Thomas Edison. Operation 
Will be 14 kHz Irom the bottom ol the General phone 
bands, 40 kHz from the bottom of the General CW bands 
and 15 kHz Irom the top of the Novice bands using the 
call sign W8LC. Special x 11 QSL certificates will be 

larger S.A.S.E. to L'Anse A.R.C., W8LC, P.O. Box 72. 
Utica, Michigan 48087. 

MAY 6th AND 7th: The New York Slate QSO party from 
1200UTC 10 235*9UTC May^hJOnceon phone and once 


3060. Novice: 3725, 7125, 21125, 21825. Logs by June 
3th. Send logs to: Mike Bucklaow, KA2KQP, 831 Dodge 
d.,Getzvllie, NY 14068. Results S.A.S.E. 


NEW 
FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built In TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from SO to 
450 MHz. Prices start at $119.95. 
Now available In KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 
We welcome Mastercharge or VISA 

GLB ELECTRONICS 


! AFFORDABLE CW KEYBOARD! 


































AEA CK-1 Morse 
Memory Keyer 

Let's see. Paper, sharp pencils, 
check sheets, dupe log and coffee, 
plenty of it. It's Friday night, five min¬ 
utes before the start of a 160-meter 
contest. I've finally got my station to 
the point that I feel I can be competi¬ 
tive with the big guns. But this year, I 
think I've got the edge on them. This 
year I have the new AEA CK-1 Morse 
Memory Keyer. 

In past contests I've been limited to 
using a bug or straight key. Don't get 
me wrong, they're great to use, but in 
high-speed contesting I've never felt I 
was good enough to be competitive 
with them. Well, with all the new de¬ 
velopments in chip technology, it was 
only a matter of time before some en¬ 
terprising company designed a com¬ 
pact contest keyer. That company is 
Advanced Electronic Applications 
from Lynnwood, Washington. 


description 

The first impression one gets when 
opening the package is that instead 
Df packing the CK-1 memory keyer, 
fhe dealer made a mistake and sent a 
pocket calculator. The keyer is ex¬ 
tremely small, only 3.25 x 6 inches 
,8.3 x 15.2 cm) and very light, less 
han half a pound (0.22 kg). The lay¬ 
out is simple, with all switches, knobs 
ind buttons easy to locate and oper¬ 


ate. The keyboard is set up like a tele¬ 
phone Touch Tone™ pad. When you 
press the keys you get a positive feel, 
plus the keyer "bleeps" to let you 
know input has been made. 

owner's manual 

Probably the most important as¬ 
pect of a product like this is the oper¬ 
ating manual. Without a clear, con¬ 
cise set of instructions, operating the 
CK-1 would be impossible. AEA has 
gone to some time and trouble to put 
together one of the most complete in¬ 
struction manuals I have ever seen. 
All keyer features are described com¬ 
pletely, and all functions are ex¬ 
plained step-by-step, with examples, 
so there can be no mistake when 
operating the keyer. 

variable functions 

One of my first thoughts was that 
since there was only one turnable 
control, you can't vary the sidetone, 
weighting, or speed. I was wrong. 
The CK-1 is like a microcomputer: 
you enter the appropriate data by hit¬ 
ting the appropriate sequence of 
numbers (buttons), and you can 
change the sidetone, weighting, or 
speed to whatever is most comfort¬ 
able. You can also preset two speeds 
into the keyer. That's great when 
QSY'ing across the band and you 
want to either speed up or slow 
down. 

memory 

The most important operating fea¬ 
ture of the AEA CK-1 is the variable- 
length memory. Ten separate memo¬ 
ries can hold a total of approximately 
500 characters. For the contest, I 
loaded a CQ into memory 1, signal re¬ 
port, section, and serial number into 
2, and THANKS CU AGNinto3. Mes¬ 
sages can be loaded in real time or 
automatically. In real time you send 
dots, dashes, and spaces. You've got 
to know exactly what you want to 
send, because if you pause, the CK-1 
loads that pause. You can also load 
each memory automatically. When 
you stop sending, the memory stops 


loading information. This way, 
should you have any questions about 
what you're sending, you won't con¬ 
tinue loading the keyer memory. 

editing 

Now, here is another real plus. 
Should you make a mistake, the CK-1 
has an edit function that will eliminate 
the need to reload the entire memory. 
If you'd like to add something to an 
existing message, punch it up and let 
it run until you reach the point at 
which you'd like to add something. 
Stop the message by hitting either 
the paddle or tt key. Set the keyer to 
MEMORY LOAD, press function keys * 
and 5, and, with the paddle, key in 
the change. Then switch back to 
MEMORY SEND and off you go again. 
To remove part of a message, set the 
keyer up as you would for an addition 
and run the memory to the point at 
which the deletion is to be made. 
Push * and 5 to program the keyer, 
then delete the remaining message. 
Just push H and it's done. 

another feature 

OK, now I have my CQ set up in 
memory 1, I've made memory 2 my 
RST, state, and serial number. Serial 
number? That's right. The CK-1 can 
automatically put an incremented se¬ 
rial number into any message register 
you'd like, 01 to 9999. To put the seri¬ 
al number into the keyer, load the 
message, then, at the point you want 
the serial number, push * and 0 and 
the serial number function is auto¬ 
matically initiated at 01. You can 
change that if you'd like to put any 
number in by pressing *, *, O, then 
the four-digit serial number. Sounds 
complicated, but it's really simple, 
easy, and fun. 

Aha - there's a CQ. "PA0HIP DE 
N1ACH," I flash with the paddle. Got 
him. Press memory 2 and off goes the 
CK-1 "DE N1ACH. UR 599 599 NH 
NH DE N1ACH BK." I hit memory 3 
for a quick 73 and tune some more. I 
never knew a contest could be this 
much fun. 

Craig Clark, N1ACH 
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600-MHz prescaler 

The TP 600 is a high-sensitivity pre¬ 
scaler which will extend the upper 
frequency limit of most frequency 
meters by a factor of 10, up to a maxi¬ 
mum of at least 600 MHz. Input and 
output are via 50-ohm BNC connec¬ 
tors. Input impedance is nominally 50 
ohms and input sensitivity better than 
10 mV from 40 MHz to 600 MHz. 

Power requirements are 6 to 9 Vdc 
from an external power supply or op¬ 
tional ac adapter. A lead is supplied 
fitted with the correct connectors to 
allow the unit to be powered from the 
auxiliary power socket fitted to Than- 
dar frequency meters. Current con¬ 
sumption is 150 mA nominal, 170 mA 
maximum. Case size is 4.5 inches 
(114 mm) x 1.70 inches (43 mm) x 
1.10 inches (28 mm); weight is 4.3 
ounces (120 grams). This unit is avail¬ 
able from stock, price $98. For further 
information, contact Henrick K. Gille, 
Energy Electronic Products, 6060 
Manchester Avenue, Los Angeles, 
California 90045. 

vhf omni-match 

The LAR VHF Omni-Match takes a 
wide range of inputs, making anten¬ 
na/feed lines look like nonreactive 50 
ohms. The unit lowers SWR, for 
bigger output. It's versatile in the 
144-174 MHz range, with continuous 
coverage of Amateur, marine, and 
private mobile radio bands. No 
switching. 

The Omni-Match gives whole-band 
coverage on narrow-band antennas 
such as Yagis and quads. Just tune 
out the SWR. It's simple to install and 
tuned in seconds with only two con¬ 
trols. Write direct or contact your 
dealer. LAR Modules Limited, 60 
Green Road, Leeds LS64JP England. 

squeeze wrench 

To use the Squeeze Wrench, just 
hold it in a stationary position and 
squeeze. Its strong torque action gets 
the job done fast and securely. For re¬ 
verse action, just flip it over; it ratch¬ 
ets in either direction. The Squeeze 
Wrench comes in a 22-piece kit that 


contains both standard and metric 
sizes. The complete kit includes the 
Squeeze Wrench itself (9/16 inch and 
14 mm); five standard size sockets; 
1/4, 5/16, 3/8, 7/16, and 1/2 inches; 
five metric sockets: 9, 10, 11, 12, and 
13 mm; two standard slot screwdriv¬ 
ers; two Phillips screwdrivers; six 
Allen wrenches, and one adapter for 
use with screwdriver and Allen 
wrench heads. All working compo¬ 
nents are heat treated to the highest 
standards. 

The Squeeze Wrench kit comes 
with a lifetime warranty and guaran¬ 
tee of complete satisfaction or money 
back. Price is $24.95 per kit, post¬ 
paid, from Howard Products Com¬ 
pany, Dept. HR, P.O. Box 57246, 
Dallas, Texas 75207. 

high-voltage power 
transistors 

Motorola announces a new series 
of silicon power transistors which ex¬ 
tends the power handling capability 
of its plastic encapsulated devices 
above the 100-watt level. The new 
Motorola devices are packaged in the 
JEDEC TO-218AC plastic package, 
which has a large die mount and heat 
sink area. Like the familiar but smaller 
TO-220 plastic package, the TO-218 
offers the convenience of single¬ 
sided mounting, thus reducing as¬ 
sembly labor costs. 

The new series of plastic devices to 
be introduced by Motorola are the 
MJE4340 and MJE4350 series. These 
are complementary transistors with a 
continuous collector current rating of 
10 amperes. Vqeo ratings range from 
100 to 160 volts, and dissipate 125 
watts. Contact Motorola Semicon¬ 
ductor Products, Inc., P.O. Box 
20912, Phoenix, Arizona 85036. 

ac power line protector 

The series 2000 ac power line pro¬ 
tector protects an entire facility from 
damage due to lightning and tran¬ 
sient overvoltages. Protection is pro¬ 
vided without power interruption. 
The protectors install at the main 


service panel (load side! and provide 
heavy-duty protection from lightning 
and transients that occur in tough in¬ 
dustrial environments. 

Operating in nanoseconds, the 
shunt-connected 2000 series protec¬ 
tors will vigorously clamp lightning 
and transient overvoltages on the ac 
lines to safe levels whenever the 
clamping threshold is exceeded. 
After each transient the protector re¬ 
covers automatically — without 
power interruption. Nuisance circuit 
breaker tripping, so common with 
gas arrestors and crowbar devices, is 
eliminated. The 2000 series can with¬ 
stand thousands of severe surges 
without degradation of electrical per¬ 
formance. 

Long life and maintenance-free 
operation also make these units the 
perfect protector for remote and un¬ 
attended stations, for facilities, or 
stations with no backup capabilities. 
The protectors are enclosed in a 
moisture-proof housing to ensure reli¬ 
able operation in any environmental 
condition. Contact MCG, 160 Brook 
Avenue, Deer Park, New York 11729. 

quartz digital clocks 

Benjamin Michael Industries, Inc., 
announces the addition of the 173D 
Presentation Model clock to its line of 
quartz digital timepieces. The 173D 
contains two independent digital 
electronic clock movements. Green¬ 
wich Mean Time is displayed in 24- 
hour format on one clock and 12-hour 
time with AM/PM indicators on the 
other. Both large displays are of the 
LCD type. The 173D features quartz 
crystal accuracy along with one year 
of operation on a single, standard 
penlight battery. The clock features a 
solid walnut case which accentuates 
the rough cut, gold anodized, brushed 
aluminum face plate. Precious metal 
contact switches and brass hardware 
are used throughout. 

The model 173D sells for $119.9E 
with keyways for wall mounting. A 
matching walnut desk stand may be 
ordered for an additional $9.95. Deliv 
ery is from stock within four weeks 
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Contact Benjamin Michael Industries, 
Inc., 65 East Palatine Road, Prospect 
Heights, Illinois 60070. 

heavy duty towers 

Designed especially with the ham 
operator in mind, Aluma Tower's 
new extra-heavy-duty aluminum 
tower has uprights and cross braces 
of 1-inch seamless drawn aluminum 
tubing, with stainless-steel aircraft 
cable connecting the telescoping sec¬ 
tions. The mast is 2 inches in diame¬ 
ter x 8 feet long and is supplied 
bolted in place. 

Aluma Tower's telescoping con¬ 
struction and tilt-up style enables it to 
withstand any weather conditions. 
Write Aluma Tower Company, 1639 
Old Dixie Highway, Vero Beach, Flor¬ 
ida 32960. 

small-signal, 
low-noise transistors 

TRW RF Semiconductors has pub¬ 
lished a new catalog containing de¬ 
tailed information on its family of 15 
small-signal, low-noise transistors. 
Catalog 80 is a 52-page booklet that 
contains specifications, performance 
graphs, photographs, circuit dia¬ 
grams, and package drawings and di¬ 
mensions. All devices in the catalog 
are NPN silicon bipolar transistors 
with gold metallization. 

Copies are available from any auth¬ 
orized TRW RF Semiconductors dis¬ 
tributor or from Bernie Lindgren, 
Sales Manager, TRW RF Semicon¬ 
ductors, 14520 Aviation Boulevard, 
Lawndale, California 90260. 

short-form rf catalog 

TRW RF Semiconductors has pub¬ 
lished a large-format, 12-page, short- 
form catalog, number 503A, that lists 
basic specfications for 156 compo¬ 
nents. 

Ten categories of products are 
shown, along with photographs and 
angineering drawings of each pack¬ 
age type. There are an alphanumeric 
ndex and a cross-reference table. 

Copies are available from any TRW 


RF Semiconductors sales office or 
authorized distributor, or from Dan 
Faigenblat, TRW RF Semiconduc¬ 
tors, 14520 Aviation Boulevard, 
Lawndale, California 90260. 

five-mode terminal 

A five-mode sending terminal, by 
Curtis Electro Devices, offers key¬ 
board origination of Morse, ASCII, 
and Baudot codes in addition to be¬ 
ing a paddle keyer, code practice 
generator, and contest memory unit. 

Features include a 256-key sending 
buffer and a 256-key soft sectored 
message memory with up to four call¬ 
ups. The two-key lockout and fully 
debounced keyboard offers all do¬ 
mestic, European, and many com¬ 
mercial prosigns for CW, all Baudot 
characters and upper and lower ASCII 
communications characters. Auto¬ 
matic line length control, word wrap¬ 
around, hold, and backspace make 
sending easy and error-free. All LTRS 
and FIGS shifts are automatic in the 
Baudot mode. 

Pot controls are provided for 
speed, weight, pitch, and volume, to¬ 
gether with meter displays of Morse 
speed and buffer status. Output is via 
mercury relays for the keyline and 
PTT (or KOS) line. RTTY output is a 
loop switch. The message memories 
include three fixed preambles (CQ, 
CQ TEST, ID and QRS) plus up to 
four programmable memories. 

Powered by either ac or +12 Vdc, 
the KB-4900 measures 12 x 8 Vi x 
4 J4 inches and weighs 5 pounds. It is 
priced at $379.95 FOB the factory. 
Write Curtis Electro Devices, Inc., 
Box 4090, Mountain View, California 
94040. 

speech compressor/ 
expander 

VSC Corporation has introduced 
the VSC Model AV3, which uses the 
Wollensak Bi-Peripheral Drive to in¬ 
sure long-term, reliable performance. 
A simple movement of the VSC 
speed control lever plays any stan¬ 
dard audio cassette from 60 percent 
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to 2Vz times normal speed, or about 
90 to 275 words per minute, without 
pitch distortion. 

VSC operates by sampling the 
high-frequency speeded audio signal 
at subaudible rates and discarding 
every other sample. The remaining 
samples are then stretched out, re¬ 
turning them to their original frequen¬ 
cies and filling the gaps left by the 
discarded samples. These remaining 
samples are joined in a way that mini¬ 
mizes splicing noise. With VSC the 
actual “stretching" of the signal sam¬ 
ples is accomplished with a variable 
delay line for which a low-noise buck¬ 
et brigade device (BBD) can be used. 

VSC speed listening is used by stu¬ 
dents, businessmen, and profession¬ 
als who review recorded lectures, 
meetings, notes, professional up¬ 
dates, and dictation. The technology 
provides them with the flexibility to 
absorb recorded speech faster than 
the average person reads. Research 
shows that faster speeds increase 
concentration, which in turn im¬ 
proves comprehension. Additionally, 
the Model AV3 can provide high¬ 
speed inspection of printed circuit 
boards, wire wrapping matrices, 
cable harnesses and pin connections. 
Most importantly, VSC has virtually 
eliminated all proofing errors. The 
VSC Corporation expects the VSC 
feature to become popular on a wide 
array of audio equipment, including 
hand-held cassette players, auto cas¬ 
sette decks, telephone answering 
machines, dictating/transcribing 
units, and film and video editing 
equipment. 

The Model AV3 offers separate 
tone control to adjust sound for maxi¬ 
mum clarity and comfort, cue and 
review, digital tape counter, and re¬ 
mote pause control. An open cas¬ 
sette chamber makes loading a 
breeze and readily accepts minicas¬ 
sette adapters. Headphone, micro¬ 
phone and foot pedal jacks are in¬ 
cluded. The compact and impact- 
resistant speech compressor/ 
expander comes with a handle and 


locking cover for easy portability and 
storage. This top-of-the-line VSC unit 
weighs 8.5 pounds and is available for 
$495 from VSC, 185 Berry Street, 
San Francisco, California 94107. 

512-MHz digital 
frequency counter 

Heath Company has announced 
the introduction of a new 512-MHz 
portable frequency counter, available 
either in kit form or assembled. The 
IM-2420 features four gate times and 
eight-digit resolution for precise read¬ 
ings. A period function gives cycle 
time in seconds, while the frequency 
ratio function provides the ratio be¬ 
tween two input frequencies. 

For more accurate measurements, 
a standby power switch can keep the 
crystal oven warm for maximum fre¬ 
quency accuracy. The oven is propor¬ 
tionally controlled to keep the internal 
time base within 0.1 part per million 
over a wide temperature range. The 
IM-2420 also has provisions for using 
external time base signals. Four gate 
times and a large, 0.43-inch-high, 
eight-digit LED display provide the 
resolution necessary to measure UHF 
signals. The IM-2420's 4-15 mV typi¬ 
cal sensitivity allows counting of low- 
level signals. Trigger level control en¬ 
sures stable counting when noise is 
present, and provides more accurate 
measurement of complicated wave¬ 
forms. Frequency measurements can 
be made by direct connection, or by 
using the optional SMA-2400-1 swiv¬ 
eling telescopic antenna. The IM- 
2420 frequency counter can be wired 
for either 120 or 240 Vac operation. 

The Heathkit IM-2420 512-MHz fre¬ 
quency counter is mail order priced at 
$239.95, F.O.B. Benton Harbor, 
Michigan 49022. A factory assembled 
and tested version, SM-2420, is alsc 
available, mail order priced at 
$299.95. Write Heath Company, 
Dept. 350-660, Benton Harbor, Mich¬ 
igan 49022. In Canada, write Heatf 
Company, 1480 Dundas Highway 
East, Mississauga, Ontario L4X2R7. 
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® Observation 
& Opinion 


Here it is — our annual antenna issue. A great deal of care and planning has gone into this issue. We 
think the selection of articles is sufficiently well balanced to please everyone interested in antennas. 
And since it's hard to get on the air without an antenna, that should be just about all of our readers. 

Our feature article describes a resonant reentrant cavity antenna, designed and patented by Bill 
Tucker, W4FXE. A thorough treatment of the theory of this antenna is given, followed by a discus¬ 
sion on how to build an experimental, basic cavity whose enclosure, of all things, is an ordinary cof¬ 
fee can. This antenna appears to furnish the answer to the problem of VHF-UHF receiver desense and 
intermod distortion, which is caused by out-of-band signals. 

You'll also find in this issue articles on how to build two simple but very effective beam antennas 
from easy-to-find materials. They are so simple that just about anyone can put them together in a day 
or two at most — surely a pleasant way to spend a spring weekend. 

And there's a surprise in this issue. It's something that has never been attempted in ham radio. 
Maybe I'm sticking my neck out, but somehow I have a feeling that the story of "Jim" will be a wel¬ 
come change of pace. Let me know how you like it. If your response is positive, we'll have some 
more stories by old-timer John Flippin, W4VT. 

A good barometer of how readers like ham radio was the ARRL National Convention at Orlando, 
Florida. Our booth at the convention was virtually besieged by Amateurs. Orlando was my first such 
show experience as editor, and it gave me the opportunity to meet a cross section of our readership. I 
want to thank everyone who took the time to offer comments. A great many expressed their compli¬ 
ments on the new ham radio. Of course there were some complaints too, but the number of positive 
remarks was greater than the complaints by an order of magnitude. I was greatly impressed by the 
enthusiasm of the crowd, which must have numbered in the thousands. I had a chance to meet some 
authors in person and exchange ideas for new articles. I wanted to circulate and take in some of the 
technical presentations, but business was so brisk at the ham radio booth that I didn't have a chance. 
Perhaps at Dayton! 

The people at a large convention are most interesting. Young hams with 2-meter handhelds talking 
to each other across the room through the local repeaters; handicapped fellows in wheelchairs trying 
to see through the crowd; proud dads and their sons wearing identical T shirts with their callsigns 
displayed on the back; the fellow from a southern ham club wearing a red vest festooned with rib¬ 
bons, badges, embroidered patches, Civil War medals, and his call sign spelled out in V«-watt resis¬ 
tors. Then there was the fellow sporting a huge stovepipe hat with a miniature three-element Yagi 
beam on top, powered by a small electric motor. And last but not least, there was the youngster who 
bent my ear for a half hour asking for help in selecting study material for his Novice license (I fixed 
him up with some). 

All in all, it was a rewarding experience and I wouldn't have missed it for anything. Those who 
forecast the demise of Amateur Radio should come out of their shells and take in one of the large 
conventions. Our future certainly looks healthy and hearty to me. 

Alf Wilson, W6IMIF 
Editor 
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Dear HR: 

Responding to your editorial in 
ham radio, December, 1980: The 
Bash situation is distasteful to many 
of us, but the practicalities of the situ¬ 
ation remain. Memory plays a consid¬ 
erable part in all FCC exams, particu¬ 
larly Novice and Tech/General. There 
is no way to rationalize the FCC's 
rules and regulations — one must 
memorize them. 

Let's face it, the majority of hams 
will not contribute to the technical 
advancement of Amateur Radio. 
(This is not to say that many non¬ 
technicals do not contribute greatly 
to the advancement of ham commu¬ 
nications, emergency and otherwise.) 
For years, FCC-type exam questions 
were published and answers given 
out, even by the ARRL. So why not 
revert to this system — have the FCC 
change their present format and have 
many, many questions that could be 
used in the exams? Publish them and 
give the answers. One could not very 
well memorize them all, and, indeed, 
if anyone did, he would have quite a 
knowledge of radio and electronics. 

Harry A. Lord, K4QJ 
Palmetto, Florida 


Dear HR: 

Congratulations on your editorial in 
the December issue on the West 
Coast publisher who solicits and sells 
FCC exam information. 

Since June, I have written to the 
FCC, to Worldradio, and, most re¬ 
cently, to Senator Goldwater on this 
very topic, which I, too, consider to 
be a serious threat to Amateur Radio 
as we know and esteem it. I feel, 
however, that there has already been 
too much time wasted in discussion 
of this problem in ham publications. 
The time has come for action. 

I therefore encourage all hams who 
share our concern to write to Senator 


Barry M. Goldwater, Senate Office 
Building, Washington, D.C. 20510 
and to their own representatives in 
Washington, urging legislation which 
would prohibit solicitation and divul- 
gence of federal exam information, 
and provide specific penalties for 
such activities. 

Paul Ellis, KN6D 
Santa Cruz, California 


Dear HR: 

I read with interest your editorial of 
December, 1980, concerning FCC 
exams. The publisher of the exam 
questions and answers is doing little 
more than what the ARRL has done 
for years. I recall in the late 1950s, 
when I was in high school, my friend 
and I studied for and passed the 
exams for Novice and General li¬ 
censes by using flashcards prepared 
from the ARRL License Manual. We 
memorized the answers and passed 
the tests, and we learned in the 
process. 

Since then. I've passed the exams 
for Amateur Extra Class, 2nd Class 
Radiotelegraph, and 1st Class Radio¬ 
telephone. I have built transmitters 
and test equipment and am working 
on a high-frequency synthesizer. 
Electronics is a complex and difficult 
science, and people who are trained 
in it often seem to forget the energy 
and time they devoted to their train¬ 
ing. For those of us with no training, 
it is impossible to thoroughly study 
basic electronics in the hope that we 
will learn what we need to pass the 
test. FCC exams should be designed 
so that, through memorization, those 
who take the tests will learn what 
they need to know to competently 
operate a station and to have an idea 
how to fix one. Most Amateurs learn 
more after the ticket comes, by oper¬ 
ating a station and maintaining it. 
Only a few Amateurs (usually with 
formal training) will make a contribu¬ 
tion to the art. Amateur Radio is more 
effective in allowing thousands of un¬ 
trained hams an opportunity to learn 


through experience. Your magazine 
is excellent. I understand only half of 
the articles, but I'm learning! 

Dave Moorman, K9SW 
Downers Grove, Illinois 


Dear HR: 

Reading your latest Observation 
and Opinion, I immediately thought 
of the licensing system in West Ger¬ 
many. You may complain about an 
individual Amateur. We over here 
should complain about the communi¬ 
cations administration in this country, 
as they publish a brochure containing 
questions and answers concerning 
the Amateur license exams. These 
booklets were originally meant to pro¬ 
vide a certain help to the examining 
committee (most of them usually 
non-Amateurs) but are available to 
the public as well. Making it even 
worse, most of the time the questions 
used in exams are exactly the same as 
those in this official publication. In 
some cases, even the values of volt¬ 
age and current in some basic Ohm's- 
law calculations were not even 
changed. 

This leads to an entirely new type 
of Radio Amateur, which we could 
better call a "person licensed to par¬ 
ticipate on Amateur frequencies." 
The majority of these people can be 
found on 2-meter VFIF (mainly fm), as 
this band requires no code test. Also, 
quite a lot of them are ex-CBers (from 
an absolutely saturated 12-channel 
CB band). 

Although the situation in the U.S. 
is much different from the one over 
here, I agree with your opinion that 
memorizing questions and answers is 
definitely not the right way to get a 
license. I could list enough examples 
of the outcome of that type of prepa¬ 
ration to fill another letter, but I 
should say you should be aware about 
the aftermath. It seems much better 
to stop things like that right in the be¬ 
ginning than to try to teach people 
after they receive their license. 

Gerhard Petri, DF7BL 
West Germany 
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SPREAD SPECTRUM HAS BEEN OK'ed for experimental use on a number of Amateur bands. 

An FCC Special Temporary Authorization agreeing to a proposal by AMRAD (the Amateur 
Radio Research and Development Corporation), was handed to W4RI and WB3KDU on Thurs¬ 
day, March 6. It grants them and 23 other members of AMRAD permission to conduct ex¬ 
periments using the revolutionary broadband modulation technique for a one-year period 
on both HF and UHF frequencies. 

Four Different Experiments were proposed in the AMRAD request, and all were author¬ 
ize d^Tn - tHe - F cC^~ 5TAT! The first is for HF "frequency hopping," with the band deter¬ 
mined by propagation at a given time. Frequencies authorized are 3675-3775 kHz, 7050- 
7150 kHz, or 14100-14200 kHz. "Service frequencies," where pre-test CW or SSB announce¬ 
ments and other conventional-mode traffic will be handled will be 3725, 7100, and 
14150 +10 kHz. 

10 Meters Will Be Used for the second experiment, also using frequency hopping 
between 26.1 and 29.3 MH z. The third experiment is a UHF "direct sequence" operation, 
utilizing 420-431 and 438-442 MHz to avoid possible conflicts with weak signal, OSCAR 
or FM users. Coordinated experiments with area ATV'ers and the Metrovision ATV group 
are planned. An E-M-E spread-spectrum experiment is also planned, operating on 432 MHz 
with bandwidths of from 16 kHz up to a megahertz. 

Prior Warning Of The HF spread-spectrum operations is planned via W1AW and HR Rep ort. 

DIRE CONSEQUENCES FROM FCC budget cuts were spelled out by Acting Chairman Bob Lee 
in Capitol Hill testimony March 10. For private radio he noted the rules updating pro¬ 
gram (Plain Language Amateur Rules) would see serious delays, and that Amateur (and 
CB) license turn-around could slip from present 14-41 days to over two months. Rules 
enforcement efforts would also be reduced. 

Fi eld Offices Would Be Closed in Beaumont, Texas; Savannah, Georgia; Cincinnati; 
and Pittsburg. Also closed will be the Anchorage Monitoring Station and the two Spe¬ 
cial Enforcement Teams that operate in Powder Springs, Georgia, and in Detroit. Final¬ 
ly, Lee predicted that the traveling exam program, now covering 77 cities monthly, 
quarterly, or annually, would become entirely annual. 

A RAISE IN DUES TO $25 and League General Manager Dick Baldwin's announcement that 
he plans to retire next year were two of the highlights of the ARRL Board meeting in 
Orlando March 11-12. Though the League has operated in the black the past two years, 
rising costs and projections for the near future convinced the directors that the in¬ 
crease in dues was necessary. It's to become effective July 1, and until then annual 
members can extend their memberships at the present $18 rate. Members over 65 will 
get a break after July 1, a 20% discount on their dues. 

The Ad Hoc Committee On Ethics presented an extensive report on suggested conduct 
in future League elections, which was adopted by the board. They also agreed on a new 
bylaw establishing a procedure for recalling a League director. Expansion of General- 

class 75-meter phone privileges down to 3825 was proposed, but referred to the Plans 

and Programs Committee for study. 

The Board Also Vote d to discourage contest and awards use of the new 10.1-10.15 MHz 
bandwhile it remains shared, and to petition the FCC to reinstitute issuance of the 
club station licenses. 

MICROWA VE RADIATION KILLED a New York telephone company supervisor, the state's 
Workers' Compensation Board ruled recently in a decision believed to be the first 
official finding of its kind. The supervisor, who worked with TV relay equipment on 
the Empire State Building's 87th floor, died of "abnormal, premature aging" according 
to Dr. Milton Zaret, radiation specialist and professor at NYU Medical School. The 

supervisor, who lost his sight, hair, and coordination before dying at 58, had worked 

at the Empire State installation for eight years. 

NEW REPEATERS NEAR THE NATIONAL Radio Astronomy Observatory and Naval Research Lab¬ 
or atorjT^aFIritTes - tnus^t - coor^TnaFe with the observatory and lab authorities, the Com¬ 
mission agreed recently. The action, which extends existing sanctions to Amateur 
repeaters in the quiet zone straddling the Virginia/West Virginia border and surround¬ 
ing Green Bank and Sugar Grove, Virginia, applies only to new repeaters or modifica¬ 
tions of existing machines. No already operating repeater, individual Amateur station, 
or mobile passing through the area is affected. 

NEW CLUB STATION LICENSE S are still a dead issue following the FCC agenda meeting 
March 26T A Petition for Reconsideration of Docket 21135, asking for new club station 
licenses and filed by the Capitol Hill ARS, was dismissed at the meeting without 

Any Club Whose Amateur License has been lost since the ban on new club licenses be- 
gan in 1977 should contact Perry Williams at ARRL. He plans to discuss such cases 
with the Commission shortly. 
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re-entrant cavity antenna 

for the vhf bands 


Ideas for the 
experimenter interested in 
mobile antennas 

This article introduces the Radio Amateur to a 
recently patented UHF-VHF mobile whip antenna* of 
unique design, the answer to the "intermod alley" 
problem that has plagued 2-meter mobile operation. 
While not precisely a construction article, this paper 
provides sufficient background for experimentation 
and construction. 

Amateur Radio operators have had to contend 
with the steadily increasing problem of interference 
ever since the early days of radio communications. 
New designs and inventions have been steadily intro¬ 
duced to reduce or eliminate the various types of 
interference that have appeared. 

With the greatly increased use of 2-meter mobile 
operation in recent years, intermod and desensitivity 
have been major problems, especially because of the 
closeness in frequency of neighboring commercial 
bands. The problem is not, by any means, unique to 
Amateur Radio; it's just as troublesome to commer¬ 
cial two-way radio. 

Because the frequencies most widely used by 
Radio Amateurs for mobile operations are in the 2- 
meter band, all references and discussions relate to 
this band unless otherwise indicated. However, the 
principles and practices may be applied to all VHF- 
UHF bands, both Amateur and commercial. 

interference 

Critical voltage and current levels exist in the front 
end stages of the receiver section of the typical 
mobile transceiver. A strong local signal, even far 
removed in frequency, can get into the front end and 
upset those critical levels, causing considerable deg¬ 
radation in receiver sensitivity. This phenomenon is 


*U.S. Patent 4.128,840. Decembers, 1978. For those wishing copies of the 
patent, I will supply eight-page copies for $1.00 postpaid in the U.S. A. 


known as overloading or blocking and is referred to 
as desensitization, or desense. It is very common in 
VHF mobiles operating in metropolitan and industrial 
areas. 

Another serious type of interference that plagues 
VHF mobile radio is intermodulation distortion, or 
intermod. This problem occurs when two or more 
strong local signals of different frequencies invade 
the front end of the transceiver receiver section, 
which is a nonlinear device capable of mixing, pro¬ 
ducing one or more new signals. If one of the new 
signals falls on or near the frequency being received, 
interference will result in the form of crosstalk or 
peculiar noises and, in many cases, will completely 
obliterate the desired signal. 

A major source of intermod and desense in the 2- 
meter band is from the 150-170 MHz band, which is 
used extensively by commercial and governmental 
services. This problem is especially acute in the 
business areas of large cities, where certain sections 
have been dubbed "intermod alley." 

Image frequency is sometimes a problem where 
the Radio Amateur is operating mobile in the vicinity 
of an airport. It's apparent that, with a 10.7-MHz i-f 
and a local oscillator that can be varied between 
133.3 and 137.3 MHz, air traffic on frequencies 
between 122.6 and 126.6 MHz could get into the 
receiver front end and cause interference in the 2- 
meter band. 

Often, interference may result when the mobile 
radio is in the strong-signal area of high-powered TV 
and fm broadcast stations whose frequencies are far 
removed from the 2-meter band. This interference 
occurs when the sum or difference frequencies of the 
two broadcast stations fall on or near the received fre¬ 
quency in the 2-meter band. Example: The mobile 
antenna receives both the video signal of TV channel 
2 (55.25 MHz) and the audio signal of an fm station 
(91.3 MHz). Both signals mix in the receiver front end 
and produce an interfering signal on 146.55 MHz in 
the form of a broad, garbled audio mixed with video 
hash. 

The examples mentioned above represent only a 
few of the many interference-causing combinations 
that might exist. All have one thing in common: 


By William Tucker, W4FXE, 1965 South 
Ocean Drive, Apt. 15G, Hallandale, Florida 33009 
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they're caused by unwanted out-of-band signals 
received by an antenna and fed to a vulnerable 
receiver front end. 

countermeasures 

The majority of transmitting and receiving antennas 
used in UHF-VHF mobile service are broadband. 
Although resonant at one frequency or band of fre¬ 
quencies, the antenna will receive signals far removed 
in frequency and feed them through the coax line to 
the receiver. The method of keeping such signals out 
of the receiver front end is to use highly selective 
bandpass filters. Not much can be done to keep 
unwanted in-band signals out, as the bandpass filter 
and the receiver front end are usually designed to 
accommodate the entire desired band. 

At VHF or UHF, to obtain the high Q necessary for 
effective bandpass filtering, conventional lumped- 
constant components, such as coils and capacitors, 
will not suffice. The designer must resort to cavity 
resonant circuits (discussed later). 

Manufacturers of Amateur Radio equipment have 
recognized the severity of the interference problem 
and have incorporated into their transceivers a hybrid 
cavity bandpass filter known as the helical resonator. 
This filter has helped the situation. However, in many 
cases, manufacturing engineering compromises leave 
something to be desired. 

Helical resonators have gained wide acceptance 
because of their small size and the fact that they can 
be mounted directly onto the PC board close to the 
receiver front end. While this bandpass filter is effec¬ 


tive in attenuating out-of-band signals that arrive 
through the antenna, very strong signals may still 
find their way into a vulnerable front end because of 
the closeness of the resonators to sensitive circuitry. 

resonant re-entrant cavity 

A resonant cavity is an enclosure, or partial 
enclosure, of any size or shape with conducting walls 
or surfaces that can support oscillating electromag¬ 
netic fields within it. It will have certain resonant fre¬ 
quencies when excited by radio-frequency currents. 
The basic paper on cavity resonators was written by 
Hansen in 1938. 1 When such an enclosure includes a 
re-entrant section, the electrical and magnetic fields 
tend to concentrate in different parts of the cavity, 
thereby relating to a circuit with lumped constants. 
The magnetic field is concentrated around the re¬ 
entrant section base, and the electric field is at a max¬ 
imum at the open end, fig. 1. 



Quarter-wavelength cavity. A quarter wavelength 
of coaxial cable or concentric transmission line short- 
circuited at one end has properties similar to those of 
a parallel-resonant circuit. The resonant re-entrant 
cavity can be considered a wide-diameter section of 
concentric transmission line short circuited at one 
end with air as the dielectric, fig. 2. This type of cavi¬ 
ty has been used as a very high Q coaxial tank circuit 
in VHF-UHF transmitters and has been widely used as 
a bandpass filter. 

At the short-circuited end of a re-entrant cavity, rf 
current is maximum, requiring very high conductivity 
surfaces and a very low rf resistance connection 
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between inner and outer conductors. Because of the 
prevalence of skin-effect at VHF and UHF, a surface 
plating of copper or silver is often used to ensure 
high conductivity, resulting in high Q throughout the 
cavity interior surfaces. In all discussions relating to 
re-entrant cavities, references to the outer conductor 
or housing indicates the interior surface only; refer¬ 
ences to the inner conductor indicates outer surface 
only. The housing exterior and the inner-conductor 
interior (if tubing is used) are cold insofar as rf is con¬ 
cerned and are at ground potential. 

A very high impedance exists at the open end of 
the re-entrant cavity and is an area of high rf voltage. 
Where insulation is required in this area, great care 
must be used in the choice of low-loss material to 
prevent degradation of the very high Q_. 

It's desirable, from an optimum-Q standpoint, to 
make the center conductor of a resonant re-entrant 
cavity a full quarter wavelength. The frequency may 
then be adjusted by varying the conductor length 
within the cavity housing. In cases where the center 
conductor and its housing must be made shorter 
than a quarter wavelength, both will present an 
inductive reactance and will require the addition of 
capacitive reactance to achieve resonance. 

In practice, this is readily accomplished by adding 
a capacitor across the open end of the cavity. Of 
course, using a variable capacitor makes it conven¬ 
ient to adjust this shortened length to the desired fre¬ 
quency, fig. 3. Actually, the physical length of a 
quarter wavelength center conductor is less than its 
electrical length because of the shunting effect of the 
stray capacitance that exists due to the proximity of 
the housing to the open end of the center conductor. 
It is axiomatic that, as frequency is increased, the 
optimum length of the cavity can be decreased. 

While the cavity length and its inner conductor 
determine frequency, the outer-conductor diameter 







® 


fig. 3. Quarter-wavelength resonant re-entrant cavity 
(4) shortened at IB) using capacitive loading to 
resonate to same frequency. 


and its ratio to the inner conductor are important in 
determining optimum Q. According to Terman, 2 a 
ratio of 3.6 is considered optimum and, while main¬ 
taining that ratio, a further increase in £? is directly 
proportional to an increase in outer-conductor diam¬ 
eter within practical limits. 

Half-wavelength cavity. The resonant re-entrant 
cavity may also be designed as a half-wavelength 
device, which also can be shortened by capacitive 
loading, fig. 4. In this design, which becomes practi¬ 
cal as frequency is increased into the UHF range, the 
principles and practices are similar to those regarding 


mm 


fig. 4. Half-wavelength resonant re-entrant cavity. 
Magnetic field, H, is at both short-circuited ends; elec¬ 
tric field, E, is at center. Device is tuned to resonance 
by capacitor C. 
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the quarter-wavelength cavity. In the half-wave- 
length version, the two short-circuited ends are high 
current areas, while the center is the point of high 
voltage, where a variable capacitor is used to tune 
the cavity to resonance. Note that a 3/4-wavelength 
cavity has characteristics similar to those of the more 
widely used 1/4-wavelength cavity. 

Helical resonator. The helical resonator (fig. 5) is a 
hybrid re-entrant cavity in which the center conduc¬ 
tor has been shortened into the form of a helix placed 
inside a small cavity housing. While the Q of this 
hybrid is less than that of the conventional larger-size 
cavity, two or more can be cascaded in a small space 
to provide increased skirt selectivity with a broader 
bandpass characteristic. The design of helical reso¬ 
nators has been fully covered in another article. 3 For 
those who wish to investigate further, an original 
paper was presented by Macalpineand Schildknecht, 4 
followed by several other important papers.The 
RSGB VHF-UHF Manual also covers the subject quite 
well. 


Re-entrant cavities and their many hybrids have 
been designed in many different shapes and sizes. 
They are referred to as coaxial filters, cavity band¬ 
pass filters, trough-lines, striplines, microstriplines, 
comblines, interdigitals, and helicals. They have one 
thing in common: all are in the re-entrant cavity 
family. 

coupling 

The manner and magnitude in which rf energy is 
coupled into and out of a resonant re-entrant cavity 
plays an important role in determining the selectivity, 
insertion loss, and impedance; all are interrelated. 

Coupling may be accomplished by three basic 
methods; electromagnetic coupling using pickup 
loops, electrostatic coupling using capacity probes, 
and by direct connection to the inner conductor. A 
combination of these may be used, depending on the 
specific application. 

When dealing with low impedances such as en¬ 
countered with coaxial-cable transmission lines, 



fig. 6. Coupling design for resonant re-entrant cavities. 
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pickup loops are usually used. In some cases, direct 
connection to low-impedance positions on the inner 
conductor is used, especially where cavities are con¬ 
nected in cascade. Capacitive probes provide a con¬ 
venient method of feeding energy to or from high- 
impedance circuits. Some coupling configurations 
are shown in fig. 6. 

Insertion loss. The insertion loss in a resonant re¬ 


entrant cavity depends on several factors, which in¬ 
clude the cavity size, type of materials used in the 
construction, and the type and degree of coupling. 
Close coupling will decrease the insertion loss but 
will adversely affect selectivity; conversely, loose 
coupling will have the opposite effect. 

Pickup loops are usually placed in the area of the 
high electromagnetic field, which exists at the short- 
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circuited end of a resonant re-entrant cavity. Coup¬ 
ling is increased as the loop is positioned closer to the 
center conductor, as the enclosed area of the loop is 
increased, and as the plane of the loop is oriented to 
enclose a maximum of magnetic flux. The opposite 
of this action will reduce coupling. Capacitive probes 
are used to couple into and out of the electrostatic 
field, which exists at the open, high-impedance, end 
of the cavity. Coupling is increased as the probe is 
positioned closer to the center conductor. 

Impedance matching. Impedance matching with 
loops isn't critical and is usually determined experi¬ 
mentally to obtain empirical guidelines inasmuch as 
the size, shape, and positioning will affect results. 
More precise design calculations are possible when 
direct connection is made to the center conductor 
when that method is called for. In most cases, an 
engineering compromise must be made in a particu¬ 
lar application to obtain the desired selectivity, inser¬ 
tion loss, and impedance match. 

Cascade coupling. Where more than one cavity is 
to be used in cascade, several coupling methods may 
be used, as shown in fig. 7. The degree of coupling 
is determined by the size of the window in aperture 
coupling, the interconnecting loops in loop coupling, 
and the proximity of the capacitive probes in capaci¬ 
tive coupling. In all cases, critical coupling will pro¬ 
vide a greater usable bandwidth with steeper skirt 
selectivity, as shown in fig. 8. 

The discussion above only scratches the surface 
with regard to resonant re-entrant cavity principles 
and practices. More detailed technical and construc¬ 
tion information will be found in the literature listed in 
the bibliography. 

a worthwhile project 
— basic cavity 

For readers who wish to acquire a working 
acquaintance with re-entrant cavities, I strongly sug¬ 
gest the building of a simple, basic cavity. All that's 
required is a coffee can and a few parts usually found 
in the average junk box. Parts required are a 1- or 2- 
pound coffee can, a 50-pF variable air dielectric 
capacitor with a knob shaft, two coaxial-cable sock¬ 
ets, a center conductor made of copper or brass tub¬ 
ing anywhere from 1/4 to 1 inch (6.5-24.4 mm) OD, 
and a short length of No. 12 (2.1-mm) copper wire 
for the pickup loops. 

Construction. Using fig. 9 as a guide, make an 
opening in the center of the bottom of the can to pro¬ 
vide a tight fit to the center conductor and solder 
securely in place. An alternative method is to solder 
the center conductor to a coax connector hood such 
as the UG-177/U or UG-106/U, then attach the 


assembly to the bottom plate with four machine 
screws and/or solder, fig. 10. Mount the variable 
capacitor close to the top of the can. Solder the 
stator to the center conductor using as short a lead 
as possible. 

Make certain that the rotor wiper is clean. Ground 
it directly to the inside of the can. Mount the two 
sockets diametrically opposite each other about 3 
inches (76 mm) above the base. Solder pickup loops 
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fig. 10. Alternative method of attaching center conduc¬ 
tor to coffee can using UG-177/U or UG-1Q6/U coax 
hood. 


By experimenting with this simple re-entrant cavity, 
you should become familiar with its capabilities and 
also find it to be a useful piece of equipment in your 
2-meter work. 

five-eighth wavelength 
mobile whip antenna 

For mobile operation in the 2-meter band, the 5/8- 
wavelength whip antenna has gained considerable 
popularity because of its widely publicized 3-dB gain 
over a 1/4-wave ground plane antenna. Gain figures 
for vertical antennas can be very confusing and not 
too meaningful unless referred to a particular vertical 
angle of radiation. For example, when compared 
with a 5/8-wavelength vertical, the 1/4-wavelength 
vertical may provide more gain at high angles and 
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fig. 11. Other loop designs for coffee-can cavity. 



as shown. Other loop configurations that can be 
used are shown in fig. 11. 

Checkout. Insert the re-entrant cavity into the trans¬ 
mission line as shown in fig. 12. Select a weak signal 
in the 2-meter band and tune the variable capacitor 
for maximum response; don't be surprised at the 
very sharp tuning. On low-power transmit, readjust 
the capacitor slightly for the lowest SWR reading. 
Without disturbing the cavity tuning, change the 
transmit frequency about 1 MHz up, then down, and 
observe the change in SWR. This will give you a good 
idea of the selectivity of this re-entrant cavity. If you 
use a dummy-load and wattmeter instead of an 
antenna to make this test, you can correlate the SWR 
change with power-output change. 

Try bending the pickup loops with long-nose pliers 
so that they extend closer to the center conductor. 
Your measurements should show a bandwidth 
increase, as evidenced by less change in SWR and 
power output as you repeat the first test. Then try 
bending the loops toward the housing; you should 
then notice a narrowing of the bandwidth, fig. 13. 



fig. 12. Test setup for coffee-can cavity. 
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less gain at very low angles. A direct comparison 
without reference to the vertical angle is like compar¬ 
ing apples to oranges. 

In 2-meter mobile operation, where in most areas a 
low vertical radiation angle is highly beneficial, the 
5/8-wavelength vertical outperforms the 1/4-wave- 
length vertical by about 3 dB. The chart in fig. 14 
shows a theoretical comparison between verticals of 
various lengths. An excellent discussion on this sub¬ 
ject is presented by Lee 7 and Schultz.8 

The 5/8-wavelength vertical antenna exhibits a 
radiation resistance of well under 100 ohms, which 
makes for convenient matching to a low-impedance 
transmission line, fig. 15. Because 5/8-wavelength is 
a nonresonant length, it appears highly capacitive in 
reactance (fig. 16) and requires the addition of suffi¬ 
cient inductive reactance to achieve resonance. As 
shown clearly in both figs. 15 and 16, the ratio of 
length to diameter, A/D, has a decided effect on the 
radiation resistance and reactance of a 5/8-wave¬ 
length vertical antenna. 

Inductive reactance may be obtained for a 5/8- 
wavelength vertical antenna simply by using a small 
resonator coil at the antenna base. A section of coax¬ 
ial cable, shorted at one end and less than a quarter- 
wavelength long, is equivalent to an inductive reac¬ 
tance and also can be used. Various combinations of 
coils, with or without capacitors, may be used to 
resonate a 5/8-wavelength whip antenna, as shown 
in fig. 17. 

When measuring the length of a 5/8-wavelength 
vertical antenna, the physical length of the resonator 
assembly should be included unless it's shielded and 
at ground potential so that it doesn't radiate. (Note 
that there is a small insertion loss in the use of any 
type of resonator.) 



resonant re-entrant 
cavity whip antenna* 

The resonant re-entrant cavity whip antenna 
evolved as the result of an attempt to provide a 
means of eliminating the chronic interference prob¬ 
lem that plagues 2-meter operation throughout the 
"intermod alleys” of our country. 
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fig. 18. Coffee-can resonant re-entrant cavity used as a 
resonator for a 5/8-wavelength vertical. Pickup loops 
are adjusted for lowest SWR at resonance. 


A re-entrant cavity is used to replace the usual 
base resonator used in the 5/8-wavelength whip 
antenna to provide much-needed bandpass filtering 
right at the antenna itself where it is most effective. 
In this manner, unwanted out-of-band signals will be 
attenuated before they enter the transmission line 
and ultimately reach a vulnerable receiver front-end. 

At this point, you might question the need for this 
type of antenna for use with your latest-model trans¬ 
ceiver with built-in helical resonators. The answer is 
self-evident in the fact that the proximity of these 
resonators to the receiver front end on the PC board 
still allows very strong unwanted signals to leak 
through and excite highly sensitive circuitry. Also, in 
many cases, due to space limitation and cost consid¬ 
erations, engineering compromises result in barely 
adequate helical resonator assemblies. Therefore, 
the use of this type of antenna will provide the addi¬ 
tional bandpass filtering needed to enhance the abil¬ 
ity of the receiver to reject unwanted signals, 
receiver to reject unwanted signals. 

Of course, in transceivers that don't have built-in 
helical resonators, the use of this type of antenna will 
be dramatically effective. In either case, because this 
antenna will be used in transmit as well as receive 
mode, bandpass filtering will attenuate spurious 
emissions, re-radiated intermod, and white noise. 

As in all resonators, the re-entrant cavity used in 
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this antenna has a small insertion loss at resonance, 
which is about the same as the loss in the usual 
resonator that it replaces. However, there are band¬ 
width limitations under certain conditions which will 
be discussed later. 

Coffee-can cavity. For those who wish to do a little 
experimental work to get the feel of this type of 
antenna, it's a simple matter to attach a 5/8-wave- 
length whip (about 48 inches or 122 cm) to a coffee- 
can type of re-entrant cavity as shown in fig. 18. 

Construction and adjustment. Two strips of 
aluminum foil 45 inches (114 cm) long and about 4-5 
inches (10-13 cm) wide placed under the can and 
grounded to it on any flat surface will provide an ade¬ 
quate ground plane. With an SWR meter in the feed¬ 
line, tune the cavity for the lowest reading, which 
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may be too high. Adjust the antenna feed pickup 
loop until the SWR is very low at resonance; the whip 
has now been resonated. The input loop may now be 
repositioned and reshaped for the desired degree of 
selectivity versus insertion loss. Keep in mind that ail 
adjustments are interdependent. 

Fig. 19 shows two views and a schematic diagram 
of a resonant re-entrant cavity whip antenna in a 
more sophisticated configuration that has an external 
appearance similar to that of the usual 5/8-wave¬ 
length whip antenna. The cavity section is about 7 
inches (18 cm) long and 1 1/2 inches (3.8 cm) in 
diameter. 

To provide this concentric configuration, the input 
pickup loop, A, is fed through an opening in the 
center conductor, B. The insulation, C, and the lead 
wire passing through it actually extend the coaxial 
cable feedline to the loop opening. The antenna pick¬ 
up loop, D, enters an opening very close to the top of 


the center conductor and feeds through the Teflon 
insulator, E, to the set screw adapter, F. The cavity is 
tuned to resonance by the variable air-dielectric 
capacitor, G, with a screwdriver adjustment at H. 

The entire interior assembly is self-supporting and 
is held together by center conductor B, insulator E, 
top plate J, bottom plate K, and the variable capaci¬ 
tor, G. Thisallows the outer conductor to be removed 
for internal adjustments. 

This antenna may be installed and grounded to the 
vehicle, N, using the coaxial connector, P, and its 
nut and lockwasher. The rubber gasket, R, provides 
a weatherproof seal to the vehicle body. 

This model is just one example of how a 5/8-wave¬ 
length resonant re-entrant cavity antenna can be 
built. A sampling of other workable configurations in 
semi-schematic form for the 2-meter band is shown 
in fig. 20. Additional configurations, which are prac¬ 
tical only for the higher-frequency bands, are shown 



fig. 24. Designs for use on 220 MHz and higher bands. One-half wavelength resonant re-entrant cascaded cavities are 
shown in (A). One-quarter wavelength cascaded cavities are shown in (fl). 
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in fig. 21. 

Unfortunately, to obtain fairly high rejection of 
out-of-band signals 3-6 MHz away in frequency, 
such as encountered with interference from the 
150-170 MHz commercial band, the usable band¬ 
width of a single-section cavity antenna is limited to 
less than 1 MHz. By using very tight coupling, the 
bandwidth can be increased considerably but at the 
expense of selectivity. Where the interference is from 
fm and TV broadcast stations, tight coupling will still 
provide sufficient selectivity. The solution to this 
problem is to use two re-entrant cavities fed in 
cascade which will, when critically coupled, provide 
a wider bandwidth with steeper selectivity skirts, as 
previously discussed. 

another model — 
the helical resonator 

Fig. 22 shows two views and a schematic diagram 
of a resonant re-entrant cavity whip antenna using 
two helical resonators aperture-coupled to each 
other. The input coaxial cable is fed to a low-impe¬ 
dance tap, A, on the input coil, B. This coil is tuned 
to resonance by a variable piston-type capacitor 
formed by C and piston D and is tuned by screw¬ 
driver adjustment, E. The tap on the antenna coil is 
fed through the Teflon insulator, F, and is attached 
to the set-screw whip adapter, G. The aperture in the 
center-shield partition provides the magnetic coup¬ 
ling between the resonators. 

The entire assembly is self-supporting so that the 
outer conductor, H, can be removed for adjustment. 
This antenna may be installed and grounded to the 
vehicle in the same manner as the antenna previously 
described. 

With the helical resonator, the aperture size is 
increased experimentally until critical coupling is 
noted by increased bandwidth and steeper selectivity 
skirts. The taps on the coil are determined to match 
the coaxial-cable impedance to that of the antenna. 
Tuning adjustment of the antenna coil will automati¬ 
cally resonate the 5/8-wavelength whip section. As 
in the other model, the resonator is tuned for mini¬ 
mum SWR. 

This cascaded model is just one example of a dual¬ 
cavity whip antenna. Fig. 23 shows other workable 
configurations for the 2-meter band, and fig. 24 
shows additional models for the higher-frequency 
bands. 

microstripline antenna 

A 5/8-wavelength whip antenna can also be built 
using another hybrid variety of the re-entrant cavity 
known as the microstripline, which consists of a two- 
sided PC board etched on one side only. 


One side is the groundplane, and the other side is 
etched into strips, as shown in fig. 25. In this dual¬ 
section design, coupling is usually accomplished 
between sections at the high-impedance end with a 
small variable trimmer capacitor. The Q of this type 
of resonator is less than that of a helical resonator 
and has more restrictive power-handling capabilities. 
However, it should provide some interesting possibil¬ 
ities for the experimenter. The late Jim Fisk wrote a 
comprehensive article on microstripline design in 
1978. 9 Also several articles by Shuch 10 . n. 12 in 
recent years cover the subject quite well. 

conclusion 

The resonant re-entrant cavity whip antenna, with¬ 
in its limitations, would provide Amateur Radio 
experimenters with a lot of new territory. I welcome 
comments from those who delve into it. 
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Jim 


A Tug at Your Memory 

By John C. Flippin, 

W4VT* 

It was 1935 and the Great Depression was 
upon the land: people out of work, no money 
to pay the grocer, lines of men outside the Sal¬ 
vation Army building waiting for a cup of 
soup, men on street corners selling apples for a 
nickel. Walking down the boulevard, one was 
approached by ragged-looking souls, always 
with the same question: "Brother, can you 
spare a dime?” Yes, the country had fallen on¬ 
to bad times. But, paradoxically, Amateur 
Radio grew at a phenomenal rate during this 
era. Perhaps the following story might contain 
a clue. Thanks to Laird Campbell of QST for 
allowing us to reprint the story of Jim. Editor 


The fire in the shack of the university 
radio station burned low and conver¬ 
sation lagged. Every now and then 
someone yawned lustily. The hands 
of the old clock pointed to five 
minutes after two, yet half a dozen 
seniors lingered, for the fire was mag¬ 
netic, the walk back to the dormitory 
and fraternity houses long; and the 
night was cold. Lazy, feathery flakes, 
beginning to drift down at midnight, 
had changed to a fine, peppery mist 
swirling in from the north, and the 
wind moaned down the chimney in 
icy cadences. 

Jug Southgate stood up and 
stretched. 

“See you mugs in church,” he 
grunted, looking around for his over- 

“Wait a minute. I will let you walk 
with me. Hey! get your big feet off 
me!” 

“Freshman, where are the ear- 
muffs?” 


•Reprinted from QST, April, 1935. Copyright 1935 




“Right here, sir.” 

“Put them on at once. Anybody 
would think you had no modesty at 
all.” 

“Get up! Get up!” 

“Coming, Ivy?” 

“Let’s go.” 

Exiled in a shadowy corner, a 
group of freshmen had been listening 
in respectful silence. Now they rose, 
after a discreet interval, and remov¬ 
ing their sky blue caps from their hip 
pockets placed them carefully on the 
backs of their heads. Beside them 
stood a little fellow who was busily 
engaged in wrapping a rather frayed 
scarf around his small neck. Judging 
from his stature he could not have 
been much older than fourteen, and 


he looked very small and out of place 
beside them. The shadows from the 
fire treated mercifully the worn places 
on the elbows of the coat which was 
so obviously designed for a larger 
occupant; they shielded understand¬ 
ing^ the worn, cracked shoes with 
the scuffed toes. 

His name was Jim. Nobody knew 
much about him except that he lived 
up in town some where, and that 
every Saturday night he appeared at 
the shack, slipping quietly into a seat 
amid the shadows in the corner, and 
listened with rapt attention to every 
word that anyone uttered. He always 
stayed until the group of fellows 
broke up. Jim replied feebly and shy¬ 
ly to those who would talk to him, 
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apparently embarrassed at the atten¬ 
tion. His face and hands were very 
thin and his eyes were very bright. He 
was a small outsider looking in on a 
gathering with which he could join 
only in spirit. College would never be 
for Jim. 

The wind whined savagely. A 
flurry of snow beat a faint tattoo on 
the window. 

“Ouch!” muttered Ivy. “Listen to 
that!” 

Jug cast his gaze around as he 
pulled on his gloves. The staccato 
clatter of the keying relay in the ad¬ 
joining room reminded him to cau¬ 
tion Parkes about playing the end of 
the band too closely since the multi¬ 
vibrator was down for revamping. 
Turning back, his glance rested for an 
instant on Jim stretching his hands 
out to give them a last warming. 
Something about the little fellow’s 
appearance arrested Jug’s attention. 
Maybe it was the tattered edge of that 
scarf about Jim’s ears. 

“What do you say over there, 
sport?” 

Jim didn’t notice. 

“You over there by the fire! Got a 
way to get in?” 

Jim looked up, and saw Jug look¬ 
ing at him. He straightened up quick¬ 
ly and thrust his hands into his coat 
pockets. 

“Sir?” 

“Got a ride into town with some¬ 
body?” 

“No.” 

“What are you going to do — 
walk?” 

“Yes,” answered Jim. 

“Pretty long way, isn’t it?” 

A pause. 

“Not so much.” 

Jug embarrassed Jim a great deal, 
because Jug was the chief operator 
and wore sterling crossed bars of 
chain lightning on the shoulder of the 
navy blue jersey. There was no great¬ 
er this side of Heaven, save perhaps 
the three comprising the transmitting 
staff. 

Jug shoved his pipe in his mouth 
and turned the bowl down. He 
squinted up at the clock. 


“Hold on, frosh!” 

He pulled off his gloves and 
searched in his hip pocket, producing 
nothing but a handkerchief and a 
crumpled pack of cigarettes. 

“Can’t find ’em. Listen! You 
know where the Sigma House is? OK 
— you go over there and look around 
in the back. My iron ought to be 
there, but if it isn’t, get any of them 
that will start. You know mine?” 

“Yes, sir.” 

“Look around in the front seat and 
find you a hairpin or something and 
short around the switch under the 
dash. You know?” 

“Yes, sir.” 

“And hurry up, frosh!” 

Rather bewildered, Jim listened. 

“I can get there all right,” he said 
finally. 

Jug grunted and sat down. 

“Where do you live in town?” 

“Er — down by the depot. The 
third house from the corner.” 

“Guess you know all the trains.” 

“1 guess so. The freights make an 
awful lot of QRM when I’m trying to 
listen.” 

Jug stuffed his pipe slowly and ex¬ 
tracted an ember from the hearth. 

“You one of these amateurs, too?” 

“Yes, that is — 1 mean, I have a 
station, but it’s not much good, I 
guess.” 


A flicker of surprise crossed Jug’s 
persistently sunburned countenance. 

“Didn’t know there was another 
station within fifty miles of here,” he 
admitted. “What do you use? Never 
heard you.” 

“A 201-A,” answered Jim. 

The rectifiers down below howled 
faintly. 

“Any DX?” asked Jug, quizzical¬ 
ly, glancing at the little chap out of 
the corner of his eye. 

“No, I — you see, I never worked 
anybody.” 

“What’s the trouble?” 

Jim stopped the nervous move¬ 
ments of his small hands and wiggled 
his thumb, just to see if it would wig¬ 
gle. 

“I don’t know,” 

“Just don’t come back, eh?” 

“No.” 

“Call many of them?” 

“Yes, I — well, I call a lot of fives 
and nines and fours.” 

“Sure you’re in the band?” 

“Yes.” 

“How do you know?” 

“I cover up my receiver with a 
cracker box and then I can hear the 
transmitter. After I take off my 
receiving aerial,” he added. 

Jug looked at Jim for an instant, 
and then gazed again into the fire. 
There was a pause while Jim twisted 





his small, thin hands nervously. 

“I know it’s putting out,” said 
Jim, faintly, ‘‘because 1 get a burn.” 

“Burn, eh?” 

“Yes.” 

“Just don’t come back.” 

“No.” 

The pity of it. 

“Much of a burn?” 

“Well, I can feel it on the back of 
my finger.” Jim held up the radio fre¬ 
quency detector. 

“How long have you been trying to 
raise them?” 

“Since about May — I mean, 
April.” 

“Nine months.” 

“Yes,” answered Jim, after a 
pause. 

Jug exhaled a cloud of smoke 
through his nose and regarded the 
fire. Some game, this! Nine months 
and never a break. 

There was a dull rattle of con¬ 
tactors down below, followed by a 
volley of clicks in the adjoining room. 

“What made that?” 

“Sounds like he switched in the ‘7’ 
— the forty-meter rig.” 

“You mean he’s using another set, 
now?” 

“Just the amplifier. Switched over 
the exciter from the 80-meter to the 
40-meter amplifier.” 

“Oh!” 

“Sit down! Sit down! Make 
yourself comfortable. Guess it’ll be 
about fifteen minutes, yet.” 

Jim slid cautiously into the nearest 
chair. Suddenly he turned and regard¬ 
ed Jug inquiringly. 

“Would you mind — 1 mean, 
would it be all right if 1 looked in 
there?” he asked, pointing to the 
transmitter room. 

“Sure! Go ahead. Help yourself. 
Wouldn’t get too close, though, to 
the one nearest this side.” 

Jim opened the door cautiously 
and craned his small neck. He stood 
transfixed for long minutes. 

“Gee!” he whispered. 

“Look all right?” Jug asked, pull¬ 
ing his pipe apart and blowing 
through it with two short snorts. 

“Gee!” said Jim again. 


Five minutes passed with only the 
wind, the old clock, and the keying 
relay breaking the silence. 

Jug looked at the swirl of smoke 
ascending the broad black throat of 
the chimney, and his thoughts trav¬ 
elled back to a day — so long ago, it 
seemed — when that UV-202, its 
plate glowing brightly, brought the 
antenna ammeter to life. As he re¬ 
called, the pointer moved over about 
a thirty-second of an inch, but at the 
time, it looked like a foot! 

And then that red-letter day. He 
had just called CQ. It was just one of 
many scores of CQ’s. There was 
nothing to distinguish it from all the 
others except that on this occasion 
9EKY in St. Louis came back. The 
wild shout that brought the gardener, 
the chauffeur, and both maids 
breathless to the sanctum over the 
garage was not, as they feared, Mr. 
Edward Southgate III getting a mor¬ 
tal shock from his peculiar conglom¬ 
eration of wires and sparkling Mason 
fruit jars, but merely the result of 
Mrs. Southgate’s youngest son mak¬ 
ing contact number one with his trus¬ 
ty bottle! 

Jug looked at Jim standing in the 
door. The frayed scarf. The worn old 
overcoat hanging awkwardly from his 
small body. 

“Know the code pretty well?” Jug 
asked, rising slowly, and returning 
the tobacco pouch to his pocket. 

“Sir?” 

“Can you copy pretty well?” 

“Yes — well, I guess I can copy ten 
words a minute, I guess.” 

“Want to go upstairs?” 

“Upstairs?” 

“Want to see the operating 
room?” 

“Oh! Yes!” 

Jug led the way with Jim following 
at his heels. A series of coughs 
escaped Jim at the top of the flight, 
and alarm possessed him that he 
would disturb the operator. He tip¬ 
toed in behind Jug, his small face 
radiant with excited expectation. 

“What say. Jug?” 

“’Lo, Bohunk. How goes it?” 

“Fair.” 


“Where you working now?” 

“Using 7005. Don’t worry, it’s in¬ 
side.” 

“Did you check it with the oven?” 

“Yes, it’s right on the line.” 

Jim was all eyes. He looked at the 
Single-Signal receiver, at the type¬ 
writer, at the 100-kc. secondary fre¬ 
quency standard, at the steel front 
control panel alongside the operating 
desk. The shiny brass handwheel on 
it. The meters. All the relays in the 
back. The lacing on the cable runs. 
Resistors standing upright in groups. 
Jim’s excited inspection saw it all! 

“Anything coming through?” 

“Few. Good many VK’s and ZL’s. 
Heard J2GX a minute ago. May be 
pretty fair later on.” 

Jug rested his elbows on the 
operating table and said something to 
Collier Parkes. Jim didn’t hear. Jim 
was busy. He was looking intently at 
a Kleinschmidt perforator partially 
disassembled, wondering what man¬ 
ner of thing it was. 

Parkes grinned. 

“Sure! Sure!” 

Jug’s voice dropped lower. 

“No,” said Collier, “I got one 
with K6BAZ in fifteen minutes. Plen¬ 
ty of time for that, though. You go 
ahead while I go out here and look up 
another pad of message blanks — or 
something,” he added. 

He disappeared, clattering down 
the stairs. 

“Want to listen in?” Jug asked, 
motioning to the receiver. 

Jim came over to the operating 
desk and looked at Jug, then looked 
at the receiver. A great fear came over 
him. It was too beautiful to get close 
to; the baffling controls marked 
“R.F. Gain,” “Selectivity,” “A V 
C” “Voice — C.W.,” and “Crystal 
Filter” were formidable. It was only 
to be looked upon from a distance. 

Jug pulled the swivel chair up with 
his foot. 

“Sit down. Sit down.” 

Jim let himself down slowly and 
looked around at the control panel. 
His elbow touched the shiny hand- 
wheel, and he hastily pulled it back, 
and then let it slide down again. This 


28 03 may 1981 



was real. It was not a dream. 

Jug tripped one of the switches up 
with his thumb and motioned to the 
knob in the center. 

“Turn that one.” 

Jim looked up at him inquiringly 
and touched the knob timidly. The 
shadow scale above it moved slightly. 
How easily it turned! Encouraged, he 
moved it a little more. A faint hiss 
which had begun to evidence itself in 
the dynamic speaker was at that 
instant ripped asunder by a kaleido¬ 
scope of crisp, bell-like signals which 
caused the moving coil of the speaker 
to wiggle perceptibly. Jim looked at it 
quickly. The sound seemed to hit him 
in the stomach, like when the bass 
drum passed in a parade. Just listen! 
A procession of grunts, drones and 
crystal ringing notes shrilled slowly 
by. 

“Slow! Slow! Back this way.” 

Jim turned the knob back. Gee! It 
turned so easily, just seemed to glide! 
Entranced, he watched the shadowy 
divisions and numbers slip across the 
sloping, ground glass window. Was 
this real? His elbow slid back against 
the handwheel inquiringly. Yes, it 
was real, all right. 

Slowly the dial moved back toward 
the 7000-kc. end. The terrific honk of 
W6’s tore through. A myriad of faint 
signals in between that a touch of 
Jug’s finger on the gain transformed 
into ear-splitting intensity. 

“Whoa!” 

A faint lisping note. Jug brought it 
up to a good level. It seemed to stand 
out on top of all the rest, miraculous¬ 
ly. The lisp increased in intensity. It 
signed. 

“Hear that?” 

Jim nodded. 

“Japanese.” 

Jim’s heart skipped a beat. 

“Go on.” 

The dial crept back up the scale. A 
terrific shot of 100-cycle r.a.c. A flut¬ 
tering rattle. 

“Alaskan.” 

A hollow ringing crystal note with 
a peculiar wavering undertone. 

“Get this one.” 

It was a long, slow CQ DX. 


Jim’s hands were trembling. 

“KA1HR. Get it?” 

Jim nodded. 

“Philippines.” 

Jim’s trembling increased. 

The signal faded in slowly, dying 
away into the background roar, 
returning. 

Jim’s heart was pounding so hard it 
shook him. 

“Calling DX.” 

Thousands of miles of black, 
tumbling ocean intervened. Outside, 
the two great towers, outlined irregu¬ 
larly in white, rose up and up into the 
swirling snow; downstairs the input 
reactors sang monotonously in the 
ghastly glow of the rectifiers. The fil¬ 
aments of the push-pull stage in the 7- 
mc. amplifier imparted a dull radi¬ 
ance to the polished edges of the neu¬ 
tralizing condenser discs. All were 
waiting, ready to hurl the dynamite. 

“AR,” grunted Jug, and with his 
thumb tripped a breaker closing 
switch at Jim’s side. “OK! Go after 
him! Use the straight key over there.” 

Little Jim was shaking noticeably. 
He reached hesitantly over the battery 
of Vibroplexes strewn before him and 
grasped the key knob. He felt para¬ 
lyzed. An hour seemed to pass. Sud¬ 
denly the knob gave. Awkwardly he 
sent “KA” and stopped. 

“What was his call again? Oh, yes 



He began to call slowly and errati¬ 
cally. After a little he steadied a bit, 
but his heart was pounding so hard he 
couldn’t control his arm. He was 
trembling as with a chill. 

Downstairs, the pair of 204-A’s, no 
respecters of persons, fired skyward 
all the savage energy that 4400 volts 
could impart. At every closure of the 
relay, the burnished plates of the tank 
condenser paled fitfully in the semi¬ 
darkness. 

“Give him a long buzz.” 

Jim heard, but couldn’t obey. The 
strength was gone out of him. Sud¬ 
denly he found himself signing. He 
signed twice. K. 

“Boy, you sure must believe in this 
signal all right,” grunted Jug, trip¬ 
ping the breaker release. 

For an instant only the background 
roar. Then the wavering drone started 
up. 

Calling them. 

“Well, what do you say now?” 
muttered Jug, glancing quizzically at 
Jim. 

He didn’t answer for a moment. 
Two large drops deposited themselves 
suddenly upon the log. 

A faint sob came from the little 
fellow. 


“I worked somebody,” whispered 
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butterfly beam 

This interesting little 15-meter antenna, which 
is called the butterfly beam, is small, light, and 
easily made from ordinary hardware store materials. 

It's also inexpensive. The butterfly beam weighs less 
than 10 pounds (4.5 kg), it's less than 12 feet (4 
meters) square, and cost me less than $20 to build. 

But despite its small size and low cost, this antenna 
has given me excellent results on both CWand SSB. 

The heart of my butterfly beam is the Lexan spider 
hub sold by Van Gorden Engineering, P.O. Box 
21305, So. Euclid, Ohio 44121. The hub is solidly put 
together and rugged, and the first time I saw one I 
thought: antenna. The central hole is perfect for the 
supporting mast. Tubing can be easily attached, and 
there's even a molded-in socket suitable for an 
SO-239 chassis connector. 

construction details 

Four 8-foot {2'/2-meter) lengths of 1-inch (25.4 
mm) diameter aluminum tubing are needed, along 
with a 50-foot (15-meter) roll of soft aluminum 
ground wire and four 1-inch (25.4 mm) hose clamps. 

It was necessary for me first to calculate the appro¬ 
priate lengths for the wire elements, based on the 8- 
foot (2 Vz -meter) tubing I intended using to build the 
X frame. Not having a capacitor for tuning the direc¬ 
tor, I reasoned that a close-enough approximation to 
the desired lengths could be made on a cut-and-try 
basis, using the starting points calculated (see 
table 1). Figs. 1 and 2 show the schematic and 
general arrangement. 

I used some light nylon line to tie the ends of the 
wire together. It's a good insulating material, and 
also offers the springy support needed to put the ele¬ 
ments under slight tension. The socket connector 
bolts right into the spider hub, and an extra pair of 




beam (A) showing the 'M'-shaped director, tuned by a 
capacitor, and the 'W'-shaped driven element with 
feedpoints X-X. It looks a bit like a quad loop, but lies 
flat instead of standing vertical. B shows dimensions 
of typical 15-meter version, constructed for lower band 
edge (21.0 MHz). In this figure, capacitor has been elim¬ 
inated (see text). 


By James Gray, W1XU, 28 East Street, Peter¬ 
borough, New Hampshire 03458 
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fig. 2. General arrangement of the "butterfly" beam as constructed by the author (A). B shows the SO-239 chassis connec¬ 

tor with a wire from the center terminal to one leg of the driven element, and a wire from the shell to the other leg of the 
driven element. Make the connecting wires short, and use self-tapping screws and radio hardware. Solder connections, 
where possible. C shows bridge of wire between legs of the director. Variable capacitor could be substituted at this point 
(see text). Special molded hub available from Van Gorden Engineering (see text). 


hose clamps can be used to couple the hub to the 
mast. 

I used a short length of wire to bridge the inner 
ends of the director element. It's possible to use a 
tunable capacitor here, the rotor affixed to one leg of 
the director and stator to the other, because the Lex- 
an hub makes a good insulator. Variable capacitor 
values would be 250 pF (for 20 meters); 175 pF (for 
15 meters); and 125 pF (for 10 meters). 

The overall size of each side of the antenna is 
approximately 11 feet 6 inches (3 Vi meters) on 15 
meters, 17 feet (5 meters) on 20 meters, and 8 feet 6 
inches (2V4 meters) on 10 meters. The feed point is 
connected to the SO-239 chassis connector by 
means of some lengths of copper wire, the center 
terminal to one leg of the driven element and the 
ground, or surrounding part of the connector, to the 
other. The coax is attached to the connector and 
then waterproofed with a liberal coating of bathtub 
caulk.* A quarter-wave matching section is shown in 
fig. 3. 

When mounting the butterfly beam on its mast, 
remember that the side wires, not the X-frame tub¬ 
ing, should be aligned with the direction of fire. The 
proper direction is a bisector of each X angle at the 


•A better alternative is COAX SEAL available from Universal Electronics, 
Inc., 1280 Aida Drive, Reynoldsburg. Ohio43086. 



hub. 

SWR has been 1.5:1 or less across the 15-meter 
band, and I've received excellent reports from all 
sorts of DX, both CW and SSB. When compared 
with my 14AVQ on the same signals, the butterfly 
has resulted in a reported average improvement of 
two S-units, with some reports running as high as 3. 
Assuming 3.33 dB per S-unit, my butterfly beam 
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Reach Out! 

just like adding a 10-watt amp 
to your 2-meter hand-held... 

• True % wave gain antenna 

• Dramatically boosts reception as well 

as transmit range 

• Individually tuned matching network 

• Base spring/tuned coil protects radio as 

well as antenna from accidents 

• Extends to 47", telescopes to only 8" 

• BNC connector fits most current hand¬ 

held and portable radios 

• Better lhan 1.5:1 VSWR across the 

entire 144-148 MHz band 

• Only $24.95 from your dealer or 


^ post 

Ask 

m 


postpaid from VoCom 


Ask stout our 25,50 soil WO watt amplifiers hr hand-balds 


loCoin 

PRODUCTS CORPORATION 
65 E. Palatine Rd., Suite 111 
Prospect Heights, IL 60070 
(312) 459-3680 l l j ' fW 

Dealer Inquiries Invited 


FAST SCAN ATV 



SEND SELF-ADDRESSED STAMPED ENVELOPE 
FOR OUR LATEST CATALOG INCLUDING: 
o on how to best get on ATV, modules for the build! 


j] P.C. ELECTRONICS 

Maryann 2522 PAXSON To[t 

J WB6YSS ARCADIA. CA 91006 w60f 



represents a gain of 6 to 7 dB, and sometimes as 
much as lOdBI 

The front-to-back ratio runs only 10 to 15 dB, 
although the front-to-side ratio is considerably bet¬ 
ter, running about 30-40 dB. There seems to be a 
very deep notch in the position between side and 
back of the beam, although I have not made any pat¬ 
tern plots to verify this. A considerable improvement 
in front-to-back ratio might possibly be made by 
director tuning. Another interesting possibility is that 
of using a coaxial capacitor as a director tuning 
capacitor. 
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measuring coax cable loss 


with an SWR meter 

One solution to 
the high cost 
of exotic test equipment 
for measuring 
transmission-line losses 

Have you ever wondered how much loss a piece of 
coaxial cable has at a particular frequency? You 
could consult a chart or graph in a reference book. 
However, that would only tell you the approximate 
loss for coax from the manufacturer who supplied 
data to the editor of the book. Age and environment 
affect cable loss. Does the chart in the book include 
an age factor? The easiest way to determine loss in a 
piece of coax is by measuring it. You don't need 


expensive test equipment to do this. All you need is 
a) an SWR meter or a bidirectional wattmeter, b) a 
transmitter, and c) the desire to perform a few simple 
calculations. 

determining cable loss 

The loss in coaxial cable can be determined by 
connecting it to a source of rf (the transmitter) and 
measuring the SWR at the transmitter when the far 
end of the line is an open circuit. At first this method 
may sound too simple to work, but it does, and 
here's why. 

Transmission line theory tells us that the SWR will 
be: 

SWR = (D 

where R is the load resistance, and Z is the line impe¬ 
dance.1 An open circuit would present an infinite 
load resistance and therefore an infinite SWR. Trans- 
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mission line theory also tells us that the reflection 
coefficient 2 will be: 


K = - 


(2) 


Since the SWR of an open circuit will be infinite, the 
reflection coefficient will be, for all practical pur¬ 
poses, unity (100 per cent). Therefore, all the power 
reaching the end of the line will be reflected to the 
source. 

However, not all the power from the source 
reaches the end of the line; some is lost along the 
way. And not all the reflected power returns to the 
source; some of it is also lost along the way. 

The reflected power measured at the source 
represents twice the loss of the coax: the loss for¬ 
ward and loss reflected. The standard formula for 
calculating the dB loss or gain 3 is: 


dB = 10 log U 


(3) 


In this application, eq. 3 would tell us the loss for the 
round trip. Since we are interested in the loss in only 
one direction, and since the loss forward should be 
the same as the loss reflected, eq. 3 becomes: 


dB = 5 log 


reflected 

forward 


(4) 


Eq. 4 is fine if you have a bidirectional wattmeter. 
Since many low-priced SWR meters measure SWR 
without indicating actual power in watts, and since 
SWR is a function of forward and reflected power, 
eq. 4 can be transposed: 


Eq. 4 is shown graphically in fig. 1. Eq. 5 is shown in 
fig. 2. 


examples 

Before going any further, let's consider two simple 
hypothetical examples. A transmitter feeds 100 watts 
of rf power into a length of RG-58 cable. A bidirec¬ 
tional wattmeter at the transmitter indicates a reflect¬ 
ed power of 25 watts. From eq. 4 we can calculate 
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ANTENNA COMPONENTS 

Antenna wire, stranded M^copjjerweld.^.....^ S .1 


m 3 5 cop^erweld 
Antenna wire, stranded #16 copperwelcL 

Van Gorden Hl-Q Baiuns. 1:1 or 4:1- 

Unadilla/Reyco. W2AU Baiuns, 1:1 or 4:1 

Van Gorden Hl-O center insulators. 

Ceramic 'Doggone 1 ' end insulators, pair 
Van Gorden plastic end insulators, pair. 
Nylon guy rope. 450 lb. test. 100' roll ... 
'illa/Reyco W2VS Traps. K‘" *" 


Belden 821< 

Belden 6219 RG-5E 
50, 60. : 
Berk-Tex 6211 RG- 






Amphenol UG-175/U adapters (RG-58). 

Amphenol UG-176/U adapters (RG-8X. RG-59).. 
Amphenol PL-258, straight adapter. 


ALSO IN STOCK 


WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 


Qf C Communicati 


ions 


730 Cottonwood 


Lincoln, Nebraska 68510 



HE WORLDS FlffST 

1800 CHANNEL FULLY SYNTHESp" 
COMPACT VHF FM MON] 


AR-22 

FACTopypiRfibr 


| FULL BAND COVERAGE 
141.000-149.995 MHZ 
5 KHZ Steps by digital 
switches. 

I SLIM SIZE AND LIGHT¬ 
WEIGHT. 

5%"{H) x 2/4" <W) x 1 "(D) 

7.1 oz with NiCd Battery Pack 



ACE COMMUNICATIONS, LNC. . 
2832-D Walnut Avenue, Tustin, California 92680 
Phone (714)544-8281 


Hog ih = u °g °- 25 

= >(-0.602) = — 3.01 dB 

The minus sign indicates a loss. To further verify eq. 
4, let's consider what happened to the rf as it made 
its round trip through the coax. If the coax really did 
have 3 dB of loss, approximately 50 watts would 
reach the open end. When that 50 watts was reflect¬ 
ed, the same 3 dB loss would result in 25 watts being 
lost in the coax. Thus, only 25 watts would be 
measured as reflected power at the source. 

For our second hypothetical case, let's assume the 
use of an SWR meter that doesn't indicate forward 
power; the meter scale reads directly in SWR. A 
transmitter of unknown output is connected to a 
length of RG-8/U cable, and the SWR at the trans¬ 
mitter is 6:1. We can use eq. 5 to calculate the loss: 

(I irj • (71 

= 5 (-0.29) = -1.45 dB. 

Again, the minus sign indicates a loss. 

system accuracy 

This will depend on the accuracy of the SWR meter 
or wattmeter used to make the measurement. Sever¬ 
al precautions must be observed: 

1. Some lengths of coax at some frequencies could 
act as resonant circuits and cause inaccurate meas¬ 
urements. 

2. Short lengths of good-quality coax will show a 
very high SWR. Make sure the transmitter used as a 
source of rf can withstand a high SWR. 

3. The transmitter impedance must match that of the 
coax. 

4. Measurements should be made at the frequency at 
which the coax will be used. 

One more item must be taken into account. This 
system for measuring loss in coaxial cable assumes 
that the load will be perfectly matched to the line. 
Any mismatch will create standing waves that will 
cause additional loss. 4 
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for 

pattern calculation 

phased vertical arrays 


Solving pattern equations 
using a 

programmable calculator 

The vertical, quarter-wave ground-plane or 
ground-mounted antenna is a popular choice. Much 
interest has been shown recently for vertical arrays in 
the Amateur literature. The vertical array can give 
good results in directivity for less investment than a 
rotatable antenna such as the Yagi or quad beam. 

This article examines the procedures for pattern 
calculation of phased vertical arrays having arbitrary 
layout, antenna height, phasing, and power division 
among array members. 

phased vertical arrays 

Several classic vertical arrays have been imple¬ 
mented and described in the Amateur literature. 
Many Amateurs have obtained good performance 
with such antennas. However, several problems arise 
when constructing vertical arrays. Lack of appropri¬ 
ate real estate is foremost: the pattern of the classic 
array may not fit your location. You don't need to de¬ 
pend on a classic layout if one or more of the follow¬ 
ing is available: 


1. A scientific calculator and a lot of time. 

2. A programmable calculator and moderate amount 
of time. 

3. A microcomputer and very little time. 

All three depend on mathematical relationships, and 
these are shown for arrays of an arbitrary nature. 
Computation procedures are outlined. 

A Hewlett-Packard HP-67/97 programmable cal¬ 
culator program is given, followed by the BASIC 
source code listing for a Radio Shack TRS-80 micro¬ 
computer. The latter will run on a Level-11 machine 
with as little as 4k of memory. Both programs are 
adaptable to other machines, especially the com¬ 
puter program. 

pattern equations 

The directivity pattern of any antenna or array is 
three-dimensional in nature. Convention gives a plot 
of relative field strength at various angles, 0, above 
the horizon. Azimuth is fixed, and the pattern is 
defined relative to an array axis. 

Conversely, patterns may be given in the horizon- 
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tal plane with 9 fixed and azimuth angle, </>, varying 0 
to 360 degrees. Fig. 1 is a pictorial description of 
both patterns. 

Relative field strength of a single vertical antenna 
having sinusoidal current distribution and a current 
node at the top is given by: 


m= 


cos(G sin 9) — cos G 
(cos 9)(1 - cos G) 


( 1 ) 


where: f(6) = Relative vertical field strength (N.D.) 
G = Electrical height of antenna 
(degrees). 

6 = Angle above horizon (degrees). 




As an example, solution of eq. 1 for a quarter-wave- 
length antenna requires G equal to 90 degrees. A 
zero value of 9 (on the horizon) yields an f(9) of unity; 
f(9) will be zero for 9 = 90 degrees (straight up). All 
other angles of 9 will yield a result between zero and 
one. 

The field-strength pattern for a single vertical 
antenna in the horizontal (</>) plane is a circle. The 
composite field strength of an array of antennas in 
the <t> plane is given by: 

E = k ljE k fk(9) lB k (2) 

B k = S k (cos 9)[cos (<t> k - <!>)] + Y k (3) 

where E = Total relative field strength of all 
antennas in 0 plane (N.D.) 

Eh = Component of total field strength due 
to k th antenna alone (N.D.) 
fh(9) = Vertical field strength of the k th an¬ 
tenna for the 9 chosen for pattern cal¬ 
culation (N.D.) 

Bh = Phase angle relationship of the field 
vector from the k th antenna with re¬ 
spect to the reference (degrees) 

Sh = Physical spacing of the k th antenna 
with respect to the reference antenna 
(electrical degrees) 

9 = Vertical angle chosen for the pattern 
and held constant for all 0 angles 
(degrees) 

Yh = Relative drive phase of antenna k at 
its feed point with respect to the ref¬ 
erence (degrees) 

<t>k = Azimuth bearing from the array 
reference point to the k th antenna 
(degrees) 

0 = Azimuth bearing from the reference 
point in direction of interest (degrees) 

n = Number of antennas in the array 

Eqs. 2 and 3 are explained with the aid of a three- 
antenna array shown in fig. 2. An elevation angle, 9, 
is chosen for all horizontal angles, 0. Eq. 1 is solved 
for each array antenna to yield f(9)\ it may be consid¬ 
ered constant for all values of 0. The array geometry 
will define S* and 0*. 

One antenna must be a reference. Values of Sh, 0a, 
Yh, and B k for this antenna will be zero; E k value will 
be one. Eh values of the other antennas will be the 
ratio of drive power of the reference versus the other 
antennas. The value of other antenna drive-phase 
angles will be positive for lead, negative for lag. 

The summation in eq. 2 requires that eq. 3 be solved 
first. The polar form of [Ehfk (<j>) L £*] is then con¬ 
verted to rectangular form, summing the real and im- 
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table 1. Hewlett-Packard HP-67program listing. 


STEP 

KEY ENTRY 

KEY CODE 

STEP 

KEY ENTRY 

KEY CODE 

STEP 

KEY ENTRY 

KEY CODE 

001 

f LBL A 

31 

25 

11 

041 

0 


00 

081 

CHS 

42 

002 

0 



00 

042 

STO 2 


33 02 

082 

1 

01 

003 

ST0 2 


33 

02 

043 

STO 3 


33 03 

083 

+ 

61 

004 

ST0 3 


33 

03 

044 

f GSB 1 

31 

22 01 

084 

RCL 0 

34 00 

005 

ST0 1 


33 

01 

045 

RCL 3 


34 03 

085 

f Cos 

31 63 

006 

f LBL 2 

31 

25 

02 

046 

RCL 2 


34 02 

086 

X 

71 

007 

f GSB 1 

31 

22 

01 

047 

g R •* P 


32 72 

087 

h 1/x 

35 62 

008 

RCL 1 


34 

01 

048 

h RTN 


35 22 

088 

RCL (i) 

34 24 

009 

h PAUSE 


35 

72 

049 

f LBL D 

31 

25 14 

089 

f Cos 

31 63 

010 

RCL 3 


34 

03 

050 

STO 0 


33 00 

090 

CHS 

42 

Oil 

RCL 2 


34 

02 

051 

0 


00 

091 

RCL 0 

34 00 

012 

g R -P 


32 

72 

052 

STO 2 


33 02 

092 

f Sin 

31 62 

013 

R/S 



84 

053 

STO 3 


33 03 

093 

RCL (1) 

34 24 

014 

RCL 4 


34 

04 

054 

f GSB 1 

31 

22 01 

094 

f DSZ 

31 33 

015 

ST0 + 1 

33 

61 

01 

055 

RCL 3 


34 03 

095 

X 

71 

016 

0 



00 

056 

RCL 2 


34 02 

096 

f Cos 

31 63 

017 

ST0 2 


33 

02 

057 

gR-P 


32 72 

097 

+ 

61 

018 

ST0 3 


33 

03 

058 

h RTN 


35 22 

098 

x 

71 

019 

GT0 2 


22 

02 

059 

f LBL 1 

31 

25 01 

099 

RCL (i) 

34 24 

020 

f LBL B 

31 

25 

12 

060 

9 


09 

100 

f DSZ 

31 33 

021 

0 



00 

061 

h STi 


35 33 

101 

x 

71 

022 

STO 2 


33 

02 

062 

f GSB 0 

31 

22 00 

102 

RCL (1) 

34 24 

023 

ST0 3 


33 

03 

063 

1 


01 

103 

f DSZ 

31 33 

024 

STO 0 


33 

00 

064 

4 


04 

104 

RCL 1 

34 01 

025 

f LBL 3 

31 

25 

03 

065 

h STi 


35 33 

105 

- 

51 

026 

f GSB 1 

31 

22 

01 

066 

f GSB 0 

31 

22 00 

106 

f Cos 

31 63 

027 

RCL 0 


34 

00 

067 

1 


01 

107 

RCL 0 

34 00 

028 

h PAUSE 


35 

72 

068 

9 


09 

108 

f Cos 

31 63 

029 

RCL 3 


34 

03 

069 

h STi 


35 33 

109 

X 

71 

030 

RCL 2 


34 

02 

070 

f GSB 0 

31 

22 00 

110 

RCL (i) 

34 24 

031 

gR-»P 


32 

72 

071 

2 


02 

111 

f DSZ 

31 33 

032 

R/S 



84 

072 

4 


04 

112 

x 

71 

033 

RCL 4 


34 

04 

073 

h STi 


35 33 

113 

RCL (1) 

34 24 

034 

STO + 0 

33 

61 

00 

074 

f GSB 0 

31 

22 00 

114 

+ 

61 

035 

0 



00 

075 

h RTN 


35 22 

115 

h x •V y 

35 52 

036 

STO 2 


33 

02 

076 

f LBL 0 

31 

25 00 

116 

f P-eR 

31 72 

037 

STO 3 


33 

03 

077 

RCL (i) 


34 24 

117 

STO + 2 

33 61 02 

038 

GT0 3 


22 

03 

078 

f X=0 ? 


31 51 

118 

h x “V y 

35 52 

039 

f LBL C 

31 

25 

13 

079 

h RTN 


35 22 

119 

STO + 3 

33 61 03 

040 

STO 1 


33 

01 

080 

f Cos 


31 63 

120 

h RTN 

35 22 


aginary parts separately, then converting the final 
summation back to polar form.* 

The result at any given <t> is in the form E ZB with E 
being the magnitude of relative field strength at azi¬ 
muth 0. Resultant angle B is unimportant at far dis¬ 
tances, but all Bk angles must be calculated as indi¬ 
cated for solution of eq. 2. 


antenna as the reference, the north antenna is fed 
with equal power but at a phase lead of 60 degrees. 
Initial data is then (numbers in electrical degrees): 


antenna G 4> 

1 (reference) 90 0 

2 90 0 


example 

To illustrate, consider a simple array of two 
quarter-wave vertical antennas spaced 120 electrical 
degrees on a north-south bearing. With the south 

•The Greek letter sigma in eq, 1 means the summing of all individual k-sub- 
script terms calculated separately in the form to the right of sigma. The fig. 
2example would have k values of I, 2, and ), since n = 3. Editor 


Set 6 equal to zero. Since G t =G2 eq. 1 solutions are 
identical and: 


fi(0) = f 2 (0) = 


cos(90° x sin 0°) — cos 90° 
(cos 0°)(1 - cos 90°) 


cos 0° — cos 90° 1 — 0 

1 ( 1 - 0 ) ~ 1 ~ 1 
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Choose the first azimuth of interest to be 15 degrees. 
Eq. 3 values are then 

Bj = O°[(cos 0°) x cos(0° — 15°)] + 0° = 0° 

B 2 = 120°[(cos 0°) x cos(0°— 15°)] + 60° 

= 120 x lx cos (-15°) + 60° 

= 120 x 0.966 + 60 = 175.92° 

Equal power magnitude is at each feedpoint, so 
Ej = E 2 = 1. From eq. 2 

E = lE,f,(0) LB,} + lE 2 f 2 (0) LB 2 ] 

= [lxl iO°] + [lx 1 £ 175.92°] 

= (1 +j0) + (-0.997 +j0.071) 

= (1-0.997)+j(0+0.071) 

= 0.003 +j0.071 
= 0.0711 L 87.58° 

Maximum relative magnitude of a double, equal size 
and power antenna array is 2. The low magnitude at 
15 degrees east of north indicates a null in the north¬ 
erly direction. 

Calculations may be carried out for all azimuths of 
interest or in a series from zero to 360 degrees for 
pattern plotting. For example, this array has a field 
strength of 1.732 L -29.9° at <f>=180°\ gain exists 
toward the south. Numerical solution steps are left as 
an exercise. 

Keeping a constant elevation angle, 0, requires only 
table 2. Operating instructions for the HP-67 calculator 



one solution of eq. 1. Eq. 3 must still be solved at 
each azimuth. 

using a programmable calculator 

Computations are greatly simplified through the 
use of a programmable calculator such as the 
Hewlett-Packard HP-67 or HP-97. Table 1 is a flexi¬ 
ble program for the HP-67.* This program can handle 
up to four antennas in an arbitrary array and can be 
used in four modes. 

Mode A operates with a fixed elevation angle, 8. 
Azimuth increment is stored in register 4 after load¬ 
ing required data in registers indicated in step 1. Ini¬ 
tial computation is begun by pressing function key A. 
The first stop indicates field strength magnitude at 
zero azimuth. Pressing the R/S key causes the 
working-<j> to be incremented by the amount in regis¬ 
ter 4; next stop will show field strength magnitude at 
the next azimuth. This may be repeated by pressing 
the R/S key for each azimuth increment until the en¬ 
tire pattern is described. 

Mode B is similar except azimuth is held constant, 
and the output describes the vertical plane pattern. 
The value in register 4 is the incremental elevation 
angle, 8. Initial calculation is zero elevation after 
pressing function key B. 

Mode C calculates field strength at any azimuth 
manually entered before pressing function key C. 
Mode D is similar except the calculation is made on 
entered elevation angles. 

Program instructions are given in table 2. Preload¬ 
ing of all registers except 2 and 3 is required for each 
array. Zero is loaded into registers designated for un¬ 
used antennas. 

a basic computer program 

Ultimate ease of calculation is with a computer. 
Table 3 is a program written in BASIC for the Radio 
Shack TRS-80, Level II microcomputer. The program 
requires only 4k of RAM, the minimum configuration 
for this machine. It will run on other BASIC language 
computers with minimal alteration. 

The program is largely self-prompting, given an 
understanding of the terms in this article. It allows in¬ 
itial entry of all antenna data, an increment value for 
<j>, and elevation angle 8. Subsequent runs do not re¬ 
quire full data re-entry; the user may branch to a data 
alteration routine for specific changes, then re-run. 

Coding and formatting is for CRT monitor output. 
Printer tabulation is possible by changing PRINT to 
LPRINT in lines 250, 251, 255, 256, 1020, and 1022. A 
sample output at azimuth increments of 15 degrees is 
given in table 4 for the previous two-antenna array. 

*A few simple changes allow operation on the HP-97. Consult the owner's 
manual for 67/97 differences. 
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WHY PAY 

FULL PRICE FOR 
AN 80-10 METER 
VERTICAL 

... if you can use only 1/3 
of it on 10? 

1 ... or only 1 12 of it on 20? 
... or only 3/4 of it on 40? 


Only Butternut's new 
HF5V-III lets you use the 
entire 26-foot radiator on 
80, 40, 20 and 10 meters 
(plus a full unloaded quar¬ 
ter-wavelength on 15) for 
higher radiation resistance, 
better efficiency and greater 
VSWR bandwidth than 
conventional multi-trap de¬ 
signs of comparable size. 
The HF5V-III uses only two 
high-Q L-C circuits (not 
trapsl) and one practically 
lossless linear decoupler for 
completely automatic and 
low VSWR resonance (typi¬ 
cally below 1.5:1) on 80 
through 10 meters, inclu¬ 
sive. For further informa¬ 
tion, including complete 
specifications on the HF5V- 
III and other Butternut an¬ 
tenna products, ask for our 
latest free catalog. If you’ve 
already "gone vertical," ask 
for one anyway. There's a 
lot of information about 
vertical antennas in gener¬ 
al, ground and radial sys¬ 
tems, plus helpful tips on in¬ 
stalling verticals on roof¬ 
tops, on mobile homes, etc. 




BUTTERNUT 

ELECTRONICS 

CO. 


P.O. Box #1411 
San Marcos, Texas 78666 
Phone:(512)396-4111 


table 3. BASIC program listing for the Radio Shack TRS-80. This may be used 
for other BASIC interpreters with appropriate language alteration. 
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construction cautions 

Inadequate ground radial installation will reduce 
any vertical antenna performance. Improper radials 
will change both field strength and pattern depend¬ 
ing on local ground conductivity. 

Hardware implementation must match the calcula¬ 
tion model. Antenna spacings should reflect the cen¬ 
ter of the band of interest. Phasing lines should be 
cut for both center of band and for the velocity of 
propagation of the line. Band-edge patterns can be 
checked by recalculation. Calculation spacings and 
length will change inversely proportional to frequency. 

Each antenna must be matched to its own feed¬ 
line. A good power divider must be used at the com¬ 
mon feedpoint. Broadband division should be used 
to reduce phase unbalance on phasing lines. Simply 
connecting phasing lines in parallel at the common 
point will cause an impedance mismatch. 

table 4. Example tabulation of computer program of the 
two-antenna array described in text. 

elevation angle = 0 

AZ. = RFS AZ. = RFS AZ. = RFS Az" 

0 - 0.00 15 = 0.07 30 = 0.28 45 

60 = 1.00 75 = 1.40 90 = 1.73 105 

120 = 2.00 135 = 1.95 150 = 1.85 165 

180 = 1.73 195 = 1.77 210 = 1.86 225 

240 = 2.00 255 = 1.94 270 = 1.73 285 

300 = 1.00 315 = 0.60 330 = 0.28 345 

360 = 0.00 

ENTER 0 TO COMPLETELY RERUN 
ENTER 1 TO REVISE DATA AND RERUN? 


Close spacings will cause a slight individual anten¬ 
na impedance change due to mutual coupling. This 
can be checked with a noise bridge for each antenna, 
all other antennas loaded. Amateur literature con¬ 
tains information on all of these factors and a bit of 
study is recommended. 

Recognizing the factors beforehand should show 
any problems. The reference gives a complete dis¬ 
cussion of the vertical array. This work was the 
mathematical basis for this article. 

reference 

Carl E. Smith. Theory and Design of Directional Antennas. Smith Elec¬ 
tronics, Inc., 8200 Snowville Rd.. Cleveland, Ohio 44141, approximately 
$6.00 plus postage. 
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antenna; page 27-22 contains the general array formula. 
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= RFS 
= 0.60 
= 1.94 

= 1.77 

= 1.95 
= 1.40 
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Kitty says 
We Will Not 
Be Under¬ 
sold On 
Hand-Held 
Radios! 

USMiU ffllMf-M The outstanding Yaesu FT- 
;C3m»mWiSam 707, FT-902 DM, FT- 

107 M or the fmoizd 

FT 720 RVH, 25 watts, 2 meter transceiver. FT-720 
RU, UHF transceiver. FT 480, 2 meter, all mode, 30 
watts. FT-780R. all mode 430-440 MHz. 

SWAN SWR Field Strength Meters — $17.50 
MAY FEATURES. Best Price Around 
COLLINS KWM 380, New Shipment just received, 
and accessories for all major lines. 

ASTRO 103 • BIRD WATTMETERS 
MIRAGE 2M amplifiers • MURCH UT 2000B 
It's Barry’s for the Drake TR/DR-7 and R-7 
CW Ops — we’ve got NYE keys, Vibroplex 
Bencher paddles and electronic keyers 
ICOM IC-720A, IC-730, and IC-22U. All-Band HF. 

MAY IS ANTENNA MONTH 

Slinky Dipoles, HyGain Antennas, 2 m beams & 
mobile, 18AVT/WB, KLM, Cushcraft and Rotators 

BARRY’S HAS HAND-HELDS ^ 
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Yaesu FT-207R . m ir 9AT 
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FOR YOUR HANDHELD. 
BARRY now carries the ALPHA 76CA 
with three 8874 tubes, 2.000W PEP 
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ham radio 


TECHNIQUES 


160 meters today 
Have you looked closely at some 
of the beautiful full-color advertise¬ 
ments of the new generation of 
Amateur transceivers? Very inter¬ 
esting. And they are advertising nine 
high-frequency bands. I'm sure you 
are aware by now of the forthcoming 
10, 18, and 24.5 MHz bands that area 
result of the last WARC Conference. 
These bands are on the bandswitch 
of the newer transceivers. And look! 
They also have a switch position for 
1.8 MHz. That's the 160-meter band. 

A quick look-see across the 160- 
meter band by the proud owner of 
the "all-band" transceiver usually 
proves to be a disappointment. 
Perhaps one or two weak signals, 
some shot-type interference (Loran 
navigation signals) and plenty of 
rough QRM from the sweep oscil¬ 
lators of nearby TV receivers. And if 
the listener is unlucky, he'll get a blast 
of nasty noise from a light dimmer or 
two. Seems hopeless, doesn't it? 

"top band" 

Once the backbone of Amateur 
Radio, the 160-meter band has 
languished since World War II. Dur¬ 
ing that distressing period, the Long 
Range Navigation System (LORAN) 
was placed in this region and the 
band has never been the same since. 

Now, with the coming demise of 
LORAN in this frequency range, and 
the expansion of the band in the 
United States and overseas, 160 
meters has a bright and promising 
future. 

The casual tuner across 160 
meters, unfortunately, gets an inac¬ 
curate impression of the band, partic¬ 


ularly if he is listening on a non¬ 
descript antenna. Hook a good 
antenna on the receiver and, given a 
break in sweep oscillator QRM, an 
observant Amateur will find the band 
full of interesting signals at certain 
seasons and times of the day. A lot of 
activity takes place on 160, and there 
will be more in the future! 

At the dawn of Amateur Radio, 
some years before World War I, 
Radio Amateurs — a few hundred of 
them — started out with crude spark 
transmitters and coherer receivers. It 
was difficult to tell what frequencies 


were in use; the spark transmitter 
took up a good chunk of the spec¬ 
trum. Wavelength of operation was 
moot until the Radio Act of 1912, 
which removed Amateurs from the 
long wavelengths and restricted them 
to the "useless waves" below 200 
meters. 

Finally, as a result of heroic efforts 
of the American Radio Relay League, 
Amateur Radio became less chaotic 
and, after the war was over. Amateur 
Radio grew rapidly, with hundreds of 
stations operating in the 150 to 200 
meter region. By 1922, worldwide 
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Amateur communications was possi¬ 
ble, and it was noted that as wave¬ 
lengths grew shorter, DX improved. 
The exodus from the 200-meter 
region seemed to be certain. 

In 1924, the Department of Com¬ 
merce assigned new bands for 
American Radio Amateurs centered 
about 80, 40, 20, and 5 meters. 
Development of the shorter waves 
was underway! An assigned 160- 
meter band was largely forgotten in 
the rush to high-frequency DX. 

the 160-meter doldrums 

Between 1924 and 1930 there was 
little interest in 160 meters, as excit¬ 
ing things were happening else¬ 
where. But the years between 1929 
and 1934 were boom years for 
Amateur Radio. And there was a 
great and growing interest in 
telephony. Up to this date, there was 
little information and little interest in 
phone transmission. It was the exclu¬ 
sive domain of those few Amateur- 
engineers who knew their onions. 
And besides, voice transmission was 


very expensive. 

About 1930, the collapse of the 
broadcast-receiver building boom 
turned many experimenters into the 
more interesting field of shortwave 
broadcasting. In a year or so, hun¬ 
dreds of thousands of “shortwave 
listeners" sprang up, and many of 
those switched to Amateur Radio. 
Amateur phone, especially for the 
beginner, was extremely restricted: 
no phone on the 40-meter band and a 
class-A license requirement for phone 
on 80 and 20 meters. And, of course 
everybody knew that 10 and 5 meters 
were useless: short-range bands on 
which it was almost impossible to get 
equipment working! So that left 160 
meters for the beginning phone ham. 

the rebirth of 160 meters 

Amateur Radio really took off in 
1932-33. In 1931 there were about 
23,000 U.S. Amateurs. In 1932 there 
were about 30,000 and in 1933 about 
42,000. By early 1934 the Amateur 
population of the U.S. had doubled 
the 1931 figure! 


The boom in phone operation first 
started on 160 meters, to be followed 
in a year or so by practical use of the 
5-meter band. But the 160-meter 
band was the beginner's phone band 
for a few Golden Years. 

It was relatively easy to get going. 
The famous "constant current" 
(Heising plate modulation) circuit 
would do the job, and the modulated 
oscillator of 1921 (fig. 1) could be 
modernized for 160 meters (fig. 2). 
This simple circuit was very popular 
until the famous "46 job" came along 
in mid-1932 (fig. 3). The "46 job" 
was the ultimate phone transmitter, 
that brought about the explosion of 
160-meter activity from 1933 to 1940. 
For well under a hundred dollars the 
lowly Class B Amateur could go on 
phone and enjoy himself! 

what 160 meters was like 

What was 160 meters like during 
the winter months of 1934? During 
the day there wasn't much activity 
until late in the afternoon when the 
high-school crowd got home. And 
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then from about 3 to 6 pm the band 
was full of low-power phone oper¬ 
ators. In the New York area there 
were literally hundreds of phones, 
running from 10 to 50 watts — and 
most of them were licensed. In truth, 
there was a good amount of bootleg¬ 
ging — enthusiasts who hadn't got¬ 
ten around to making a trip to the FCC 
for the ham exam. They just "bor¬ 
rowed" a call and went on the air. 
Next higher in social acceptability 
were the unlicensed operators who 
borrowed a ham friend's call. And 
finally, the "kings of the band," the 
newly licensed Amateurs. 

By 5 pm the older Amateurs started 
coming home from work, and the dis¬ 
position of the band changed. The 
bootleggers disappeared, and the 
call-borrowers subsided. The interfer¬ 
ence level picked up sharply as the 
"old timers" with their 100- and 250- 
watt phone transmitters gradually 
took over. 

When evening came the band was 
bedlam. Only the Old Timers remem¬ 
ber what a phone band sounded like 


when it was loaded with a-m phones. 
Newer hams can get the idea by lis¬ 
tening to the CB channels. It was the 
survival of the fittest. You could 
judge your transmitter's ability by the 
DX you worked. From New York 
City, most low-power phones could 
work up into Canada. Given a little 
luck, they could work into Florida late 
at night when the bedlam had died 
down. And the real DXers — the stur¬ 
dy fellows who stayed up into the 
early morning hours — could prove 
themselves by working into California 
if conditions were just right! 

But the majority of young Ama¬ 
teurs enjoyed 160 meters during the 
daylight hours and were content to 
work their friends in the immediate 
area. Since most stations were crys¬ 
tal controlled (the modulated oscil¬ 
lator quickly dying out as the band 
population grew), you knew the 
fellows who operated near your fre¬ 
quency. Stations on the other end of 
the band were a mystery, known only 
to those fortunates who owned two 
crystals! 


It was rumored that transatlantic 
contacts were possible, and some of 
the better stations got listener cards 
from "across the pond." And almost 
everyone on 160-meter phone got 
SWL (shortwave listener) cards from 
local would-be hams. The old a-m 
transmitters were easy to tune in, 
even with the most rudimentary 
receiver. 

All this bee hive of activity came to 
a close on December 7, 1941. 

the post-war band 

After the war, the 160-meter band 
was revived, but it was divided up 
into segments based on proximity of 
Loran networks. A bewildering set of 
restrictions and regulations crippled 
the band, and 160-meter operation 
was not licensed in many countries. 
This stalemate continued for many 
years and only a few hardy souls 
operated on the band. True, it would 
come to life a bit during a DX contest, 
but since most ham gear didn't cover 
the band, it became lifeless during 
the fifties as the interest in SSB grew. 



fig. 3. The famous "46 job." This 40-watt transmitter 
was popular on 160 meters in the prewar period. The 
class-B modulator and driver also used type 46 tubes. 
Many builders substituted a crystal oscillator in place 
of the self-excited oscillator (tube at right). Illustration 
from OST. August. 1932. 
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160 meters today 

Interest is again growing in this old- 
time band. Most new transceivers 
cover the band, and the Loran net¬ 
works are being rapidly phased out. 
And it looks as if the band will be 
expanded to near its pre-war dimen¬ 
sions in a few months. As a result of 
the recent WARC Conference, Ama¬ 
teurs in many foreign countries who 
never had this band can now enjoy op¬ 
eration in certain selected segments. 
During DXcontests, the band is jump¬ 
ing, and more and more Amateurs 
look to 160 meters for reliable, short- 
range daylight communications. 

During the week the band is rela¬ 
tively quiet through the daylight 
hours. At night, things pick up a bit. 
Most CW operation falls between 
1800 and 1810 kHz. Sideband occu¬ 
pies the region immediately above 
this segment. (In some areas of the 
country operation is permitted at the 
high-frequency end of the band, and 
certain power-input restrictions 
apply. See the current edition of the 
ARRL Handbook for details.) 

On contest weekends the band is 
alive with plenty of overseas DX com¬ 
ing through. A handful of WACs have 
been made on 160, along with a few 
prized DXCC awards. But it is not the 
typical station that achieves these 
results! 


More and more Amateurs are ex¬ 
periencing the fun of working 160. It 
is entirely different from the other 
bands. All you need to get in the 
action is a good antenna. 

a practical antenna 
for 160 meters 

Any antenna design capable of 
working on the other high-frequency 
bands will operate on 160 meters. 
Size is the problem. A half-wave- 
length at 1850 kHz is 253 feet (77 
meters) and at 1950 kHz it is 240 feet 
(73 meters). That rules out a coaxial- 
fed dipole for most Amateurs. Those 
lucky enough to have the room would 
be well advised to erect a dipole for 
160 meters as high as possible. 

The next best bet is an end-fed 
quarter-wave Marconi antenna (fig. 
4) . The antenna shown will operate at 
any frequency in the band when 
properly adjusted for the lowest SWR 
reading. The antenna uses ground as 
the return circuit and one of the chief 
problems of obtaining good perform¬ 
ance is that of getting a good ground 
connection. 

If the residential water system is 
made of copper tubing, it may be 
used for a radio ground. Connection 
should be made by a short, heavy 
lead to a nearby cold-water pipe. 
Flexible braid removed from a 


defunct length of old RG-8/U coaxial 
cable makes a good ground lead. 

Not all piping systems make a good 
ground, and it may be necessary to 
drive several rods into the ground and 
connect them to the water pipes. 
You'll have to experiment with this. 

Another idea used on 160 meters is 
the radial ground. This is an insulated 
wire a quarter-wavelength long 
(about 126 feet for operation at the 
low end of the band). One end of the 
wire is attached to the common 
ground point of the transmitter, and 
the wire is run along near (but not 
touching) the ground. I use a radial 
ground wire in conjunction with a 
water pipe ground for 160-meter 
work, and it seems to be a good com¬ 
bination. 

The radial ground wire can run 
through bushes or along a fence. The 
far end of the wire should be covered 
with tape because it can be "hot" 
with rf during transmission. 

Once you get on the band and 
make contact with a few stations, 
you'll find out a lot more about 160- 
meter antenna systems. Some of the 
better stations have quite exotic 
antennas. The vertical antenna is 
much prized; a station with a good 
vertical antenna and a fine ground 
system can really place a big signal on 
the band. But for everyday operation 
and a lot of fun, a simpler antenna 
will do the job. 

When operating this band it's inter¬ 
esting to think that these frequencies 
are the oldest operating range for 
Amateur Radio and that you are fol¬ 
lowing in the footsteps of a lot of 
famous Amateurs and experimenters. 
And no doubt a lot of interesting 
experimental work is going on in this 
band right now. Some Amateurs are 
experimenting with loop antennas for 
low-noise reception as well as large 
Beverage antennas. And there are 
some experimental beam antennas 
on 160 meters, tool 

But why spoil your fun? Get on this 
reborn Amateur band yourself and 
take part in the interesting work 
going on today! ham radio 
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the weekender 



plumber’s delight 
coax connector 

About three years ago while looking over flea-mar¬ 
ket offerings at a ham convention, surplus TV hard¬ 
line coax cable caught my eye. The coax line was 
quite inexpensive, but the connectors were expen¬ 
sive and difficult to obtain. To make a long story 
short, the line I brought home ended up in my al¬ 
ready cluttered garage. For the next year or so I won¬ 
dered just why I had bought it and what I was going 
to do with it. One day, while sorting some copper¬ 
plumbing fittings, I had an idea. I have a plumber's 
delight beam, so why not a plumber's delight con¬ 
nector? 

The result was a successful connector for which I 
make the following claims: 

1. Low cost (approximately $1.50 each). 

2. Long life. 

3. Waterproof. 

4. Makes a rigid connection. 

5. Material readily available. 

6. No great skill needed. 

7. Can be removed and disassembled for inspection. 
Only one possible problem was noted: a ’/4-inch 

pipe die is required. This is really not too difficult. A 
pipe die may be obtained by purchase or rental. 

The following material covers only 3/4-inch coax 
hardline. Copper fittings for other sizes, 1/2 and 1 
inch, I believe, are also obtainable. So if you have 
coax other than 3/4 inch, check with plumbing-sup¬ 
ply houses. 

First off, 1 /2-inch iron or steel pipe has an outside 
diameter of 3/4 inch. Only two parts are needed to 
make the new connector, (1) a copper-plumbing 
connector to join 1/2-inch OD copper tubing to 1/2- 
inch threaded pipe (3/4-inch OD), and (2) a double 
female coax connector, PL-258. 


By James R. Yost, N4LI, Box 94, Route 1, 
Polkton, North Carolina 28135 
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Exploded view of the essembly. From left are PL-258 
barrel connector, homebrew copper plumbing connec¬ 
tor, plastic insulators and retaining ring. 



Another view of the homebrew hardline coax connec¬ 
tor assembly. 



Details of finished connector. 


step-by-step instructions 

1. Using a hacksaw or tubing cutter, cut off 5/8 
inch of the outer conductor of the hardline. Do not 
cut the foam insulation or center conductor. The 
half-inch pipe die is now used to cut 5/8 inch of 
threads on this end of the line. Trim off the exposed 
foam insulation. The center conductor of the hard¬ 
line is copper-plated aluminum. When removing the 
insulation be careful not to cut or scratch the copper 
plating. 

2. The inner conductor and the two plastic insulators 
must be removed from the PL-258 connector. This is 
necessary because the high heat required in the next 
step would melt the insulators. You'll find a retaining 
ring just on the inside of one end of the connector. 
Remove this ring with a sharp pointed pick. It takes a 
little patience but it can be done. After the retaining 




ring has been removed, the center conductor and 
two insulators will easily slide out of the shell. 

3. Solder the PL-258 shell or body to the copper fit¬ 
ting. The PL-258 has a shoulder in the center that 
makes a good fit to the inside of the copper fitting. 
This shoulder should have about 1/32 inch showing 
outside the copper fitting when correctly positioned. 
Be sure the end of the PL-258 that does not have the 
retaining ring groove is inserted into the copper fit¬ 
ting. Use a heavy soldering iron, or preferably a pro¬ 
pane torch, to solder the two together. 

4. The inner conductor of the hardline is larger than 
that of a PL-259 connector, which is usually used to 

"connect with a PL-258. It will be necessary to com¬ 
plete the following: 

a. Using a 1/4-inch drill bit, ream out one of the 
PL-258 plastic insulators. 

b. Spread the prongs of one end of the PL-258 
center conductor so that it will make a snug fit 
with the center conductor of the hard line. Do not 
change the other end, as it will later mate with a 
PL-259 connector. 

5. You're now ready to reassemble the PL-258 con¬ 
nector. 

a. Insert the small end of the reamed insulator 
first, followed by the spread prongs of the center 
conductor. This is followed by the large end of the 
other insulator. 

b. Re-install the retaining ring. 

Your connector is now complete, 

final remarks 

Before installing it on the coax line, here's a sug¬ 
gestion. To prevent chemical reaction of the copper 
and aluminum use a small amount of joint compound 
on the threads of the aluminum tubing. Electrical- 
supply houses carry several brands, as aluminum 
wire is used in industrial and house wiring. Two 
brands are listed below: 

NOALOX — Joint compound for AI/AI and Al/Cu 
wire connections and aluminum conduit joints. 
Made by Ideal Industries, Sycamore, Illinois, cata¬ 
log No. 30-030. 

OXIBAN — Oxide-inhibiting compound. Made by 
ITT Holub Industries, Sycamore, Illinois 60178, 
catalog No. 15-001. 

These or similar compounds are also recommend¬ 
ed for use on mating aluminum tubing as used in 
beam antennas to ensure electrical connection and 
to prevent seizing. 

ham radio 
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A novel approach 
to directional antennas 

If you happen to be looking for something simple 
and inexpensive in a beam antenna, take a look at 
this one. I haven't determined if this is a new con¬ 
cept, but it may be some time before anyone comes 
up with a design that performs better. What is it? The 
Giza beam — a lightweight, low-cost, rugged, direc¬ 
tional array that almost anyone can make in an eve¬ 
ning from junk-box parts. 

I've tried just about every beam over the past 45 
years. The design shown in fig. 1 is easy to build and 
erect and provides plenty of punch. It's a modifi¬ 
cation of the conventional delta-loop wire beam 
(fig. 2). 

In the Giza design, I removed the upper boom (fig. 
2) and brought the apexes of the two loops together, 
which I fastened to the top of the supporting mast. 
There was no obvious difference in the antenna's 
operation. Front-to-back ratio seemed the same, it 
tuned up just as well, and the signal reports remained 
good. One major structural member had been re¬ 


moved and a more rigid, lighter-weight array with a 
lower center-of-gravity resulted. Its pyramidal shape 
and firm, solid construction reminded me of the great 
pyramids of Giza in Egypt, so it seemed appropriate 
to name it the K2GNC Giza beam. 

a practical 15-meter beam 

A bit of shopping brought together all the parts for 
a functional 15-meter Giza beam. I bought two 
straight, knot-free, furring strips for about $1.00. I 
used some No. 18 (1.0-mm) stranded, plastic- 
covered hookup wire for the elements. Lightweight 
TV mast sections provided the main supporting 
member. A few hose clamps, a scrap piece of ply¬ 
wood, and a few miscellaneous small items rounded 
out the bill of materials. 

construction 

Fig. 1 shows construction details with dimensions 
given for 10-, 15-, and 20-meter beams. 

Making the four wooden spreaders, the main 
structural members, requires the most consideration. 
These were ripped from the two furring strips as 
shown in fig. 3. Painting or varnishing the wood will 
help preserve its shape and give it a professional 
appearance. The spreaders may be made of many 


By William Pfaff, K2GNC, Box 41, Moriches, 
New York 11955 
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materials, including bamboo, fiberglass, metal tub¬ 
ing, or thin plastic pipe. 

The mounting plate (fig. 4) for the spreaders was 
made from exterior-grade plywood. It can be any 
convenient size, or you can use dimensions shown 
(fig. 4). Drill or saw a hole into the center slightly 
larger than the mast you're using, then drill some 
holes through it at the proper places for the spreader 
hinge wires. Any stiff, strong wire may be used for 
the hinges; there are no strong mechanical forces on 
them. (A heavy wire coat-hanger is a good choice.) 

To assemble, lay the parts out flat. Run short 
lengths of the hinge wire into the spreader holes, 
bend them, run them through the holes in the 
mounting plate, then twist the ends together to hold 
them in place. 

Mount the four corner braces on the top and bot¬ 
tom of the spreader mounting plate using bolts, lock 
washers, and nuts. Space the braces so that the ver¬ 
tical mast fits snugly between them. 

Wrap lengths of stiff, insulated wire around the tip 
of each spreader and twist together tightly, leaving 
the ends pointing upward. These wires will hold the 
corners of the triangular loops. 

The spacer cords (fig. 1) are lengths of nylon cord 
or fish line tied securely between the spreader tips. 
They should separate the lower sides of the loops by 
the distance shown. To form the loops, cut two 
lengths of plastic-covered, stranded hookup wire to 
the length shown in the table of dimensions in fig. 1. 

You don't have to use insulated wire for the loops. 
Bare wire, if used, need only be insulated at the 
spreader tips where the voltage is high. I used plastic- 
covered hookup wire because it's readily available, 
quite strong, and doesn’t kink during assembly. Mark 
the exact center of both loops. 

matching section 

The gamma match (fig. 5) can be made from a 
length of 450-ohm line or two lengths of bare No. 16 
wire. A variable capacitor is usually used for adjust¬ 
ing the match to the feed line. However, there's an 
old trick of using a length of RG-58/U or RG-59/U 
coax in its place because it’s convenient and doesn't 
require a waterproof housing. These cables provide 
capacitances of about 30 pF and 20 pF per foot re¬ 
spectively. They will withstand full legal power at this 
low-voltage point. In fact, for low-power use, it may 
be more convenient to use two- or three-wire shield¬ 
ed microphone cable, which has a greater capaci¬ 
tance. 

Connect the inner conductors together at the end 
and use them for one side of the capacitor. The 
shield is the other side. 

Remove a length of wire from the end of one loop 
and replace it with the gamma match section of that 
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length. Attach the loop ends to the appropriate plas¬ 
tic insulator of the gamma match and the tuning 
stub. Secure the lower sides of the two loops loosely 
to the spreader tips with the stiff wires on each tip. 
Meanwhile keep the insulators centered and the two 
lengths equal. Pull the wires taut so that no slack 
exists in the spacer cords, then firmly twist the stiff 
wire so that the loop wires will not slip through. 

final assembly 

Secure the midpoint of each loop to the mast top 
with a hose clamp and place the mast in the center 
hole of the mounting plate. It doesn't matter whether 
the wire is actually grounded to the mast or not. 
Allow the spreader assembly to fall into a place on 
the mast where the spreaders are horizontal. Use 
hose clamps around the corner braces and tighten 
the mounting plate to the mast. Your Giza beam is 
now assembled. 

tune up 

The array is tuned in the conventional manner. 
However, I suggest that it be tuned to the low- 
frequency end of the band first for reasons to be 
explained. 

First, adjust the reflector stub for best front-to- 



back ratio using your receiver and a strong, distant 
signal. Then position the gamma match slider to a 
point that provides lowest SWR. Once this point is 
found, adjust the gamma coax capacitor by snipping 
off short lengths from its end. At the same time, re¬ 
adjust the gamma match slider. An SWR near 1:1 
should be easily obtained. 

To prevent the coax from shorting at the end, re¬ 
move a very short length of the outer insulation and 
the shield; then seal both ends of the coax with rub¬ 
ber cement, or tape them tightly to prevent water 
from creeping into the shield. Attach your coax feed 
line and you're ready to go on the air at the low end 
of the band. 

a new twist 

When it comes to peaking the antenna at a specific 



frequency in the band, the K2GNC Giza beam has no 
equal. This operation was discovered by mistake: 
Once, while making some adjustments, the resonant 
frequency mysteriously shifted a considerable 
amount. After some investigation I observed that the 
spreader section had twisted around the mast while 
the mast stood still. This action caused the wire at 
the top of both loops to wrap around the mast. The 
loop lengths had shortened, thus increasing the reso¬ 
nant frequency. The SWR held at 1:1. 

Wrap the wires around the pole by twisting the 
spreader assembly under controlled conditions. I 
tried it and got just what I wanted — an antenna that 
can be set mechanically to any desired frequency in 
the band. 

Loosen the hose clamps on the spreader mounting 
plate and, with the transmitter on the desired fre¬ 
quency, rotate the spreader assembly until you get 
1:1 SWR. 
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Once you've made one of these little giants and 
tried it out, you'll want to try some variations. A 
number of them are obvious. Wrapping the apex of 
the loops around the pole is only one way of accom¬ 
plishing a resonant-frequency shift. The loop wires 
could be pulled down into the mast pole by a wire go¬ 
ing up through the pole. They could be fastened to a 
yoke and pulled through a ring at the top of the mast 
down the outside of the mast. Combining these ideas 
with flexible spreaders or ones that are hinged at the 
central mounting plate could bring about some broad 
frequency variations. You may even encompass 
another band, especially one of the newly acquired 
bands. 

A triband Giza would give many pluses. Using the 
usual feed methods for three-band quads, a few ad¬ 
ditional loops going from the mast to appropriate 
places on the spreaders would result in a more rigid 
structure than a single bander. A two-band model, 
already constructed, has proved this to be true. 

A super lightweight, 20-meter Giza has been built 
using element-size aluminum for the mast and thin- 
walled, small-diameter aluminum tubing for the 
spreaders. These spreaders were tipped with lengths 
of plastic rod and insulated from each other. The 
mast, in this case, extended far enough below the 
spreader mounting plate for thin nylon rope guys to 
be run between it and the tips of the spreaders. This 
design resulted in an extra strong array that has with¬ 
stood some pretty heavy winds. Mounting the anten¬ 
na on the rotor was easy. 

For portable operation or Field Day, what else but 
a Giza, pre-assembled, folded up umbrella-fashion, 
and stowed in the trunk or on the car roof? Be watch¬ 
ful that the loop wires don't get tangled with each 
other. (Perhaps it will help to first check with your 
nearest skydiver friend on how he packs a para¬ 
chute.) , 

The small size and light construction should en¬ 
courage more beams for 40, 80, and who knows, 160 
meters. The same is true regarding the new bands 
when they become available. 

Those who shy away from mounting a big Yagi on 
the roof because of the wife or the neighbors, or who 
otherwise want to be inconspicuous as hams, can 
use No. 22 electric fence wire for the loops. With al¬ 
most invisible wires, the Giza looks like an fm ground 
plane to the untrained eye. (Don't ask me who ever 
saw a ground plane with a rotor on it.) 

does it work? 

So far, the simple construction and light weight of 
the antenna have been extolled. Now, what happens 
when rf goes into it? How does it work? There is an 
inclination to reply, "Try it, you'll like it." However, 
that answer will not satisfy many. 



line for gamma match. Insulation is stripped from one 
side of line at left end of line for adjustable shorting 
strap. Microphone cable at feed line input terminal 
serves as gamma capacitor. Nylon guy lines from 
aluminum spreader tips to rotor make structure rigid. 


Without an accurate means of measuring forward 
gain, one way to determine performance is to get 
front-to-back readings. So, with the 20-meter array 
at a height of only 30 feet (9 meters), readings were 
gathered from many sources both in the U.S. and 
foreign countries. The readings averaged around 30 
dB. Some readings went as high as 35 dB. Off the 
sides the reports were about 35 dB lower than off the 
front. One report said the signal disappeared off both 
the side and the back when it was 3Ei dB on the front. 



mounting plate. Corner braces and hose clamps fasten 
mounting plate to vertical pole. Wire wraps on 
spreaders prevent wood from splitting. 
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* * K.V.G. 


This all compares favorably with most other good, 
normal-sized beams. It is probably better than other 
beams when they are operating off their resonant 
frequency. 

Performance off the front made my heart leap 
many times. Signal reports rarely, if ever, have any 
real technical merit, so to say that RST 599 or 599FB 
was a common report from DX stations is insignifi¬ 
cant. However, using the Giza on 20 meter phone 
has, for the first time, given me 100 percent contacts 
one time after another, and 20 meters is where you 
separate the men beams from the boy beams. 


1296 MHz EQUIPMENT 
Announcing the new 1296 MHz units 
by Microwave Modules. 


' (FOB CONCORD, VIA 

MHz J-SLOTS 

HORIZONTAL POL. + 12.3dBd 
RTICAL POL, 

ISTAXY/9M \ . 


D8/2M $63.40 
D8/2MVERT. $72.95 
$57.75 


Running barefoot with a beam at 30 fedt (9 meters! 
just cannot, of course, compare with the real profes¬ 
sional, uppercrust gang and their five elements at 150 
feet (46 meters). But when this antenna gets its dan¬ 
der up in the air, fully charged with a linear, it should 
hold its own with any array of comparable size. 


‘ IN + 15,7dBd 70/MBM48 
IN + 18.5dBd 70/MBM88 

'AGIS 

GAIN+20dBi 50-( 


Spectrum 
| International, Inc. 
I Poet Office Box 1084 
|fd, Maes. 01742, USA 


There is still much work to be done. What happens 
when you change the spacing between elements? 
What is optimum? Can a third or fourth element be 
added? This remains to be seen. But at this station it 
is very unlikely that I will ever go back to making a 
quad, Yagi, or conventional delta loop again. This 
one does the job so much more easily. 

Thanks to my ever-loving wife, Roz, who has put 
up with a yard full of wires and poles these many 
years of our happy married life. Also, thanks to all 
those hams who gave reports at various headings, 
and my daughter, Lee, who so willingly typed this 
article. 
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Questions and Answers 


Entries must be by letter or post card only. No telephone requests 
will be accepted. All entries will be acknowledged when received. 
Those judged to be most informative to the most Amateurs will be 
published. Questions must relate to Amateur Radio. 

Readers are invited to send a card with the question they feel is 
most useful that appears in each issue. Each month's winner will 
receive a prize. We will give a prize for the most popular question of 
the year. In the case of two or more questions on the same subject, 
the one arriving the earliest will be used. 


power supply regulation 

/ need some insight on why the 
output of the regulator shown in the 
schematic diagram does not function 
properly. John R. Pape, KA2FJA. 

The regulator circuit looks OK, but 
you may be asking too much from the 
power transformer. According to 
your schematic diagram, it is rated at 


17 volts at 6 amperes (102 watts) in¬ 
put, but it is asked to deliver 5 
amperes at 35 volts (175 watts) out. 
To overcome this problem, change 
the rectifier circuit from bridge to full- 
wave. This will provide you with 17.5 
volts at 5 amps (87.5 watts) output. 
Of this, 69 watts will be delivered to 
the load, while 18.5 watts will be 
dissipated as heat. The load on the 


transformer will now be within its 
rating. Of course, you will need a 
transformer with a center-tapped 
secondary. 

soldering RG-8to a PL-259 

How do you get a decent solder 
connection to RG-8 braid when 
installing a PL-259? James T. 
Petersen, WD0GYD. 

There is a step-by-step procedure 
for assembling PL-259 fittings to 
RG-8 cable on page 17-11 of the 1981 
edition of the ARRL Handbook. Note 
that soldering of the braid to the plug, 
or tinning, is the last step in the pro¬ 
cedure; even though the dielectric 
material may soften, it should not run 
out or be deformed because it is held 
in place by the body of the assembly. 

Another excellent source is Practi¬ 
cal Antennas for the Radio Amateur, 
by Robert M. Meyers, W1XT, pub¬ 
lished by Scelbi Publications. Both 
books are available from Ham Radio's 
Bookstore, Greenville, NH 03048. 

current flow 

Could you explain how it is possible 
that electrons flow from negative to 
positive but conventional current 
flow is from positive to negative? 
Fred Nordstrom, KA4IZK. 
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As a matter of convention, when 
we discuss electric current flow, we 
always show the direction in which a 
positive charge would flow. Electrons 
always flow in the opposite direction. 
For example, in a vacuum tube cir¬ 
cuit, as shown here, electrons are 
boiled out of the cathode and are at¬ 
tracted to the positive plate. By con¬ 
vention, however, we indicate the 
direction of current flow with an ar¬ 
row which points in the direction 
opposite to the flow of electrons. 



It is interesting to note that in an 
electrolytic cell or battery, electrons 
accumulate on the negative terminal 
because of a chemical reaction. If 
then, an external conducting circuit 
connects the negative with the posi¬ 
tive terminal, electrons will flow from 
the negative to the positive terminal 
over the external circuit. By conven¬ 
tion, we indicate this "current" flow 
by an arrow pointing from the posi¬ 
tive to the negative battery terminals. 
Confusing, isn't it? 

PEP input and output 

What is the easiest, most appro¬ 
priate and least expensive method for 
determining input and output power 
in dc or PEP watts? David Ruscitti, 
WA1FRC. 

To determine dc input power, all 
you need do is multiply the PA plate 
current by the plate voltage with key 
down or while whistling into the 
microphone. Determining input and 
output PEP is not quite so simple. 
Peak envelope power cannot be 
measured directly with meters, since 


meters respond to the average ampli¬ 
tude of the modulation envelope. It 
has been generally agreed that peak- 
to-average input power ratios during 
a modulation peak will be about 2:1 
with the average human voice. The 
FCC allows 2-kW PEP input max¬ 
imum, assuming the average dc input 
power (as indicated by the meters) 
does not exceed 1 kW. Thus, if your 
voice characteristics are such that the 
peak-to-average dc input power ratio 
is more than 2:1, you must run less 
than 1-kW dc input, as measured by 
the meters, to comply with the FCC 
regulation. 

About the same things can be said 
for average and PEP output powers. 
If you have access to a well-calibrated 
rf power meter, you can determine 
the key-down power output (or aver¬ 
age voice output power) of your 
transmitter in the usual manner, but 
the PEP output remains as elusive as 
ever. 

If your rig employs ALC or speech 
processing, the chances are very 
good that the peak-to-average output 
power ratio is about 2:1. 

two-tone test 

Heathkit mentions the two-tone 
test to check my linear's linearity. My 
text books mention this test but fait to 
explain how these tones are gener¬ 
ated or what frequencies are used. 
Would you tell me how this test is 
performed? George A. Brooks, 
WA1BUJ. 

The 1981 edition of the ARRL 
Handbook includes information on 
page 12-18 for two-tone testing of 
SSB transmitters. An audio oscillator 
provides one of the two tones, while 
a small amount of carrier unbalance 
(purposely developed) provides the 
other tone. Or you can null out the 
carrier and feed two audio signals 
into the microphone jack. A two-tone 
generator is described for this pur¬ 


pose in ham radio, April, 1972.* 

There are no specific tone frequen¬ 
cies that need to be used, but they 
should be within the audio passband 
of the exciter's microphone amplifier 
circuit. Generally, one tone is adjust¬ 
ed to 800 Hz while the other is set to 
about 2000 Hz. 

•Hank Olson, W6GXN, "Low Distortion Two-Tone 
Oscillator for SSB Testing," ham radio . April, 1972, 
page 11. 

rules of thumb for eotfs 

Is there a general rule of thumb 
about the number of turns per inch 
and total, number of turns to yield a 
given inductance? Don Richardson, 
WB5U/A. 

A useful formula for determining 
the inductance of single-layer sole¬ 
noids, which is sufficiently accurate 
for use in the Amateur high-frequen¬ 
cy bands, is: 

r 2 n 2 

L = 9r+10t 

where L = inductance (piH) 

r = coil radius (inches) 

? = coil length (inches! 
n - number of turns 

Solving for n will give the number of 
turns: 



Once the number of turns is deter¬ 
mined for a coil of a given induc¬ 
tance, merely divide n by coil length, 
v , to obtain the number of turns per 
inch. 

At VHF the formula becomes inac¬ 
curate because conductor thickness 
becomes an appreciable part of the 
size of the coil and cannot be 
neglected. The 1981 edition of the 
ARRL Handbook contains a handy 
graph for determining the inductance 
of coils wound with no. 12 (2.1 mm) 
bare wire, 8 turns per inch. 
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a coreless balun 


1:1 impedance-matching 
transformer using 
RG-8X coaxial cable 



In pursuit of a balun for my new triband Yagi 
antenna, I found Badger's article 1 informative and 
encouraging. Attempting to adapt the design prin¬ 
ciples outlined in his article into a finished 
transformer was somewhat difficult for several 
reasons. The RG-141/U (Teflon dielectric) coaxial 
cable is extremely difficult to obtain and its cost is 
more than $3.00 per foot. How do I make the con¬ 
nections to the antenna and feedline that are water¬ 
proof and electrically sound? How can the finished 
unit be mounted on a Yagi-antenna boom in a neat 
and orderly manner? The following article discloses 
my resolution to these problems. 

The coax I chose is the newly introduced RG-8X, a 
52-ohm cable that's inexpensive (about 25 cents a 


By Roy N. Lehner, WA2SON, 135 Theodore 
Street, Buffalo, New York 14211 
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foot) and capable of handling one kW. It is also easy 
to work with and coils neatly into a 4-inch (100-mm) 
diameter coil. (The coil diameter should be 15 to 20 
times the coax diameter.) 1 

RG-8X cable can't withstand the same electrical 
stress as RG-141/U, because of its lower power 
rating. Using a badly mismatched antenna could ruin 
the RG-8X coax in the same way that coaxial feed¬ 
lines may be ruined under high SWR conditions. In 
terms of balun efficiency and performance, both 
cables are equal and do a superb job — much better 
than the popular ferrite or air-wound enameled wire 
baluns on today's market. 

construction 

The balun consists of two equal windings of RG- 
8X coax, each 42 to 48 inches (1.07 to 1.22 meters) 
closewound into a single-layer coil (fig. 1). Although 
the exact length isn't critical, it's important that the 
two windings be equal in length to preserve electrical 
balance. Termination points A-E can be neatly made 
through use of No. 10 (M5) machine screws and eye- 
type wire terminals. Keep the connections as short 
and direct as possible. By keeping jumper B-E on the 
outside of the housing, the shield side of the input 
may be readily identified without having to remove 
the top cover once it is cemented in place (after, of 
course, the U-bolt is tightened to the supporting 
antenna boom). 

The balun enclosure (fig. 2) should not be made of 
metal because of possible detuning effects on the 




resonant transformer. A functional and inexpensive 
container may be fashioned from a 4-inch (100 mm) 
PVC pipe coupling cut down to 2-1/2 inches (65 mm) 
long. Alternatively, a short length of acrylic tubing, 
or even some plastic freezer containers, may be used. 
In any case, be certain that the housing is watertight 
and that the top and bottom covers have no gaps, 
once cemented into place. 

Placing the tube on a piece of sandpaper and slow¬ 
ly rotating it will help ensure a flat and even edge. 
Two 1/8-inch (3-mm) drain holes should be drilled 
into the housing bottom. 

Similar baluns may be constructed for the 160-40 
meter bands; however, a longer winding of coax will 
be required. (See reference 1 for details,) With a little 
mechanical ingenuity, there's no reason why this 
type of balun couldn't be used for flat-top wire 
dipoles, so long as the enclosure is capable of with¬ 
standing the stresses imposed. 

What more can be said — good balun, good price, 
good luck! See you in the pileups. 

references 

1. George Badger. W6TC, "New Class of Coaxial-Line Transformers,” ham 
radio, March, 1980, pages 18-29. 

2. Fundamentals of Single-Sideband, Third Edition, September 15, 1960, 
Collins Radio Company, Cedar Rapids, Iowa, pages 10-11. 
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low-noise, low-cost 

10-60 MHz preamp 


Design and construction 
of a narrow and wideband 
preamp for the 
vhf and microwave i-f bands 

Amateur bands above 21 MHz offer a challenge 
for those who like to experiment and build their own 
equipment. The vhf-to-microwave frequencies allo¬ 
cated to the Amateur service are not overly populat¬ 
ed, and this poses a problem. If these bands are not 
used, we stand a good chance of losing them to 
other services. Remember what happened to the 
11-meter band — we didn't use it, so now it's domi¬ 
nated by Citizen Band users. It's possible that our 
vhf-microwave bands could suffer the same type of 
FCC regulation. If we don't use them, we lose them. 


This article provides some interesting ideas for the 
vhf-microwave enthusiast. Are you thinking about 
adding a preamp to an old 6- or 10-meter receiver? 
Are you contemplating a low-noise i-f preamp for a 
microwave mixer with an i-f between about 10-60 
MHz but don't want to spend a lot of money for very- 
low-noise transistors? Read on. 

preliminary work 

While doing some vhf-preamplifier work, I built 
and tested several units using the inexpensive 
NE41632E-2 bipolar transistor. This device (about 
$3.00 in 1-9 quantities) provided results equal to 
those obtained about two years ago with a preampli¬ 
fier 1 using a pair of transistors costing about $16.50! 

The results were so impressive that I decided to 
mount each of a pair of these preamps on two differ¬ 
ent 10-GHz Gunnplexers.® 



By Geoff Krauss, WA2GFP, c/o UHF Electro¬ 
specialties, Inc., 16 Riviera Drive, Latham, New 
York 12110 
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The preamps described below have either a narrow 
bandwidth, for single-band units, or a relatively 
broad bandwidth, which covers 10-60 MHz. The 
broadband circuit is particularly attractive for a 
Gunnplexer® i-f preamp because a very-low-noise 
figure and reasonable gain are obtainable over a 
bandwidth allowing relatively widely separated i-fs 
(such as 10.7 and 30 MHz) to be used, with a single 
preamp attached to a single microwave front end. In 
fact, the bandwidth-limiting factor appears to be the 
usable frequency range of the toroidal core used in 
the output-impedance matching circuit — a core 
rated for a wider frequency range will broaden the 
bandwidth range even further. 

results? 

If you're at all like I am, this is the first question you 
ask and the first information you look for (table 1). 


table 1. Comparison of tes 
broadband preamps. 

results for narrowband and 


narrowband 

broadband 

200-ohm Z s 


50-ohm Z S /Z L 

50-ohm Z S /Z L 

50-ohm Z L 

10.7 MHz NF 

- 

1.57dB 

1.31 dB 

G, 

- 

15.00 dB 

16.30 dB 

G, 

_ 

- 44 00 dB 

- 43.00 dB 

30 MHz NF 

1.03 dB 

1.07 dB 

0.94dB 

G, 

23.50 dB 
(31 dB max G f ) 

21.00 dB 

25.50 dB 

G r 

- 34.00 dB 

- 39.00 dB 

- 38.00 dB 

BW 

10.20 MHz 

- 

- 

50 MHz NF 

1.07 dB 

1.13 dB 

0.98dB 

G f 

22.00 dB 
(30dBmax G f ) 

22.00 dB 

24.00 dB 

G, 

- 33.00 dB 

- 35.00 dB 

- 32.00 dB 

BW 

6 MHz 

- 

- 

Note: NF is no 

ise figure. G, is associi 

sted forward gain at the 

listed NF. G f is 

tuned without 


f max G, « maximum f 

orward gain if 


circuit design 

Both narrow and wideband preamps use the com¬ 
mon-emitter configuration and an identical bias net¬ 
work (figs. 1 and 2). Note that both circuits use 
some common components (see parts lists). The 
device emitter is connected to ground through a 100- 
ohm resistor, R2, bypassed with a 0.01 jiF disc cap, 
C5. A bypassed variable resistor, R1 (1-k pot), is con¬ 
nected to a bypassed 5.1-volt zener, 3-k resistor 
series circuit. The junction of the pot and zener is dc- 
connected to the device base, while the end of the 
3-k resistor is dc connected to the device collector. 

An "idiot" diode, 1N914, 1N4148, or any other 



small-signal diode rated for at least 15 volts, is in 
series with a current-limiting resistor, R4. If a 3-k 
resistor isn't available for R3, a 2.7 k will work as 
well, although slightly more preamplifier current will 
be drawn from the B + supply. 

Resistor R1 sets device collector current for mini¬ 
mum noise figure (or for maximum gain, depending 
on the desired use). All of the preamplifiers were built 
on a "universal" single-sided PC board (see fig. 8, 
reference 2). 

construction 

The preamps were built in general accordance with 
the schematics of fig. 1 (narrowband) and fig. 2 
(broadband), with exceptions as noted below. 

Narrowband preamp. These units were built 
according to fig. 1 except that I didn't use variable 
caps C2 and C7; instead I used two variable inductors 
(0.68/iH nominal inductance) for LI and L2. (For the 
50-MHz preamp, fig. 2,1 used C2and C7 with toroid¬ 
al inductors for LI, L2.) This difference in tuned cir¬ 
cuits was made because of the parts I had on hand at 
the time. 

The 30-MHz preamp can be built with the toroidal 
inductor-variable capacitor circuits used in the 50- 
MHz unit. The adjustment range of C2 and C7 (fig. 
1) is sufficient for tuning the preamp to either band. 

Tuning is accomplished by first adjusting R1 (1-k 
pot) for about 4 mA of total preamplifier input cur¬ 
rent from a 10-12 volt dc source. (See figs. 1 and 2). 
If a signal generator isn't available, connect the unit 
in series with the receiver and tune in a moderately 
weak signal. 

Adjust Cl, C2, C7, and C9 (or Cl, LI, L2, and C9 if 
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variable inductors are used) to peak the signal on the 
receiver S meter. Try to use a signal that, even when 
tuning is complete, doesn't come close to pinning 
the S meter. 

It's advisable to finely tune the preamp by 
repeating the adjustments several times as they inter¬ 
act somewhat. If a signal generator is available, the 
signal amplitude can be decreased as the preamplifier 
is tuned to maintain the receiver S meter at a point 
approximately midway on its scale. Tuning for mini¬ 
mum noise figure can be accomplished by the 
method of adjusting Cl (and either C2 or LI) for best 



fig. 3. Test setup for a 4:1 input impedance. 


signal-to-noise ratio on a weak signal. (A noise-figure 
test setup is preferable, although many can't obtain 
such equipment.) 

Broadband preamp. No tuning components are 
used. Set R1 for minimum noise figure (about 4 mA 
total current) or maximum gain, as desired. As 
shown in fig. 2, the unit is designed for a 200-ohm 
source impedance, which may be provided by the 
output of a microwave mixer. Fig. 3 illustrates the 
input test setup, in which a 4:1 impedance trans¬ 
former can be used to increase the 50-ohm source 
impedance of a signal generator, or noise source, to 
200 ohms. (I use a Minicircuits Labs T4-1 trans¬ 
former, but another homebrew transformer can be 
used instead.) If used in a system requiring a 50-ohm 
source impedance, permanently connect the second 
toroidal transformer into the input circuit. 


Gunnplexer adaptation 

Fig. 4 illustrates one way to mount the i-f preamp 
to the mixer block, A, of a Gunnplexer® microwave 
front end. Hold block A so that you can see into 
waveguide opening B. Note that ferrite circulator rod 
C is to the right, and mixer diode D is to the left, of 
local oscillator injection screw E, which runs from the 
top center of the block in front of the Gunn oscillator 
iris, F. 

On the top surface of block A are: injection screw 
E (front center), which is held from turning by a nut 
I; the mixer-output post, G, to the left and behind 
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screw E; and a ground stud, H, almost directly 
behind screw E. 

Start with the preamp, built on a piece of PC 
board 1. (The preamplifier shown is for the universal 
board of reference 2. The large arrow is the base lead 
on the board.) This PC board is slightly wider than 
width Wof block A (fig. 4). 

Carefully unsolder the leads of the 1-k resistor and 
zener, which come with the Gunnplexer®, from 
ground stud H; then remove mixer output post G 
(still soldered to the resistor and zener) by pulling 
gently straight up. This post fits over a smaller-diam- 
eter pin, which protrudes from the mixer insulator — 
be careful not to damage this pin. 

Referring to fig. 4, drill a small hole, la, into the 
PC board at the solder pad at the input end of Cl. 
Align this hole over the mixer pin, now present at 
location G, and mark the PC board with the location 
for the head of screw E and ground stud H. 

Remove the PC board, and drill hole 1b to com¬ 
pletely clear screw E and nut I. Drill another hole, 1c, 
to clear the head of ground stud H. A safe method is 
to use increasingly greater-diameter drills and check 
the hole match often by placing the PC board 1 over 
the top of block A. Do not touch the setting of, or 
otherwise attempt to adjust, screw E or nut I, while 
fitting the board. 

Preamplifier PC board 1 can be mounted directly 
on top of the block, with mixer output-post G 
soldered through hole la to the Cl pad, and the pre¬ 
amp ground soldered to ground stud H. (However, I 
prefer to place a shield box completely around the 
preamp.) 

I used a piece of unetched PC board, 2, (single or 
double sided), which is slightly larger than preampli¬ 
fier PC board 1 — and drilled three holes: 2a, 2b, and 
2c to clear the respective mixer output insulator (a 
plastic "button" surrounding the mixer pin); nut I; 
and stud H. Unetched board 2 is placed right on the 
top of block A and soldered to stud H. 

A pair of end walls, 3 and 4, and side walls, 5 and 
6, are soldered to bottom piece 2 to make an open- 
top box, which will receive preamplifier PC board 1. 
Mixer-contact terminal G is permanently soldered in 
hole la at the input pad of preamplifier PC board 1. 

The PC board is now moved down through the 
open top of the box, with mixer contact terminal G 
being placed over and surrounding the mixer pin. 
Screw E passes through hole 1b, and stud H passes 
through hole 1c. The ground portion of preamp PC 
board 1 is soldered to stud H and is tack-soldered to 
the inside surfaces of the box side and end walls 3-6. 
An rf output connector and B + feedthrough capaci¬ 
tor may be soldered through the box walls. 

The box is then covered, and the shielded enclos¬ 


ure is complete. This mounting scheme has several 
important advantages: 

1. Full shielding is achieved to minimize i-f inter¬ 
ference. 

2. Minimum input lead length, between the mixer 
output and the preamplifier input, is achieved to 
maintain minimum i-f preamp noise figure. 

3. Injection-screw E is enclosed and made more 
tamper proof but is still accessible by removing the 
preamplifier box top if adjustment should ever be 
required. 

4. Preamplifiers can be changed by untacking the 
soldered connections of the PC board 1 from the box 
walls and from ground stud H and lifting the pream¬ 
plifier board out of the box. 

I've found that, to provide even greater mechani¬ 
cal stability, large ground lugs J can be fitted under 
the screws holding block A to Gunn oscillator C or to 
the horn antenna flange, and the lug end(s) can be 
soldered to the preamplifier shield box. 

By connecting the original 1-k resistor and zener 
(1N758) to the preamp input through RFC2, as 
shown by the broken-line connection in fig. 2, the dc 
protection of the mixer diode is maintained, and mix¬ 
er diode current can be read by placing a 1-mA (full 
scale) meter from the feedthrough to ground. If a 
meter is not used, merely ground the feedthrough 
center pin (on the outside of the preamp shield box). 
Capacitor Cn (fig. 2) helps prevent injection of noise 
from the zener into the preamplifier input. 

conclusion 

Low-noise preamps may be built for the 10-60 MHz 
region at low cost, using the NE41632E-2 device. The 
selection of narrow or broad bandwidth is determin¬ 
ed by individual requirements. Similar preamps of 
either type have been illustrated. I'll be happy to 
answer any questions if a self-addressed, stamped 
envelope is enclosed. 

Thanks to Jerry Arden, Vice President, Marketing 
and Sales, at California Electronics Labs* (the 
NE41632E-2 sales agents in the U.S.) for his interest 
in providing samples and data. 
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rf power meter 


part 1 — instrument 
description and 
construction 

Homebrewing Amateur gear can be an enor¬ 
mously satisfying experience. There's no reward like 
being able to say "I built it myself." Homebrew gear 
generally falls into one of two categories: it's either 
foolproof ip construction and can be assembled with 
a reasonably good chance of having it work the first 
time you turn it on, or it's complex and needs test in¬ 
strumentation for calibration and adjustment, which 
is simply not available to the average ham. This arti¬ 
cle is devoted to helping satisfy the need for good, 
accurate measurement instrumentation. This instru¬ 
ment ranks right along with your VOM, scope, and 
frequency counter in utility. 

types of measurements 

Frequency and amplitude of rf signals are, funda¬ 
mentally, the two measurements made. Others are 
simply variations. Giant strides have been made with 
the introduction of simple and relatively inexpensive 
frequency counters priced within the Amateur's bud¬ 
get. Rf power measurements, however, have tradi¬ 
tionally been limited to measuring voltage with an rf 
probe and VOM or a scope. In many cases this simply 


is not satisfactory due to the limited sensitivity of the 
instrumentation, or because the measurement is not 
easily adaptable to this technique. 

This article describes an rf power meter that meas¬ 
ures absolute power in dBm, 50 ohms, over a fre¬ 
quency range of 3.5-30 MHz. Measurement range, 
across a 50-ohm load, is between -60 and 20 dBm 
with an accuracy of ±1dB." Armed with a frequency 
counter and the power meter and accessories 
described in this article, you can make a variety of 
scalar network measurements not ordinarily possible 
without access to sophisticated lab equipment. Best 
of all, the instrument isn't difficult to build or cali¬ 
brate. Here are some of the things you can do, just to 
tickle your imagination, with the power meter and 
accessories. I have done most of these myself. 

1. Evaluate oscillators, QRP transmitters, and small- 
signal amplifiers with respect to power output, flat¬ 
ness, harmonic distortion, and input return loss 
(VSWR). 

2. Evaluate mixers for flatness, LO and rf suppression 
and conversion loss or gain. 

3. Accurately measure your antenna VSWR down to 
1.02 with an uncertainty of +0.02. It's virtually im¬ 
possible to get that kind of accuracy and resolution 
with a simple SWR meter. 

•Verified with an HP-86406 signal generator. 

By Ralph H. Fowler, N6YC, Route 1, Box 254, 
Pearl River, Louisiana 70452 
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4. Simplify filter construction. Synthesis of a 50-ohm 
LC preselector filter or other bandpass filters, for ex¬ 
ample, can be a ticklish job. Actual component val¬ 
ues can depart considerably from theoretical values 
due to parts substitutions, tolerance unknowns, and 
stray capacitances. The power meter, combined with 
a counter and tunable source, enables alignment and 
evaluation of LC filters with respect to insertion loss, 
passband shape (ripple), shape factor, and skirt at¬ 
tenuation (up to 80 dB with a 20-dBm tunable 
source). If your source is stable enough you can even 
characterize crystal filters. 

5. Adjust interstage and output matching networks 
(50 ohms). Even your transmatch can be adjusted 
with the power meter and a directional bridge. 

6. Make similar measurements on your kilowatt rock- 
crusher by adding a simple in-line directional coupler 
(not described here) to your transmission line. You 
can, naturally, calibrate the coupler with the power 
meter. 

As an academic exercise you can even measure 
a-m percentages between 25 and 100 per cent to 
within a few per cent accuracy. Some of these meas¬ 
urements, plus a few provocative ideas, will be dis¬ 
cussed in part 2 of this article. 

The power meter consists of three basic parts: a 
biased Schottky diode broadband detector (note the 
broadband emphasis — this becomes extremely im¬ 
portant in the measurements described in part 2), a 
37-dB broadband preamp, and a relay-switched 0-70 
dB attenuator. These three elements are cascaded as 
shown in fig. 1. Each element is described in turn. 

Operation is simple. The step attenuator and pre¬ 
amp set the level of the signal being measured to the 
proper amplitude for the square-law detector. This is 
essential since the square-law amplitude range of the 
detector is relatively limited, typically to between 
-40 and -10 dBm. Square-law, you may recall, 
means that the output voltage of the detector is pro¬ 
portional to the input power. Outside of this - 40 to 
-10 dBm range, the detector does not follow the 
square-law relationship and will be uncalibrated. 
Even if the square-law range, were greater than 30 
dB, it would not be useful in this simple scheme since 
the meter itself can display only 10 dB of range with 
acceptable resolution (1 dB) without a logging ampli¬ 
fier included in the circuit. With these complicating 
factors in mind, I chose to accept a 10-dB measure¬ 
ment range per step of the input attenuator. The only 
inconvenience is that you have to switch the attenua¬ 
tor to bring the reading within the 10-dB display 
range of the meter. The meter, incidentally, has a 0 
to - 10 dB calibration scale. If you can't find a meter 
calibrated in dB (10 logio) it's easy to add your own 



fig. 1. Power meter elements, consisting of broadband 
detector, broadband preamplifier, and relay-switched 
attenuator. 


calibration marks. A calibration table is shown in fig. 2. 

the detector 

The heart of the power meter is the broadband 
square-law detector. The original circuit design was 
described by Wes Hayward, W7Z0I, in Solid State 
Design for the Radio Amateur, and the reader is en¬ 
couraged to consult this excellent reference for more 
details. This detector is shown in fig. 3. 

Construction is not particularly critical but should 
be done on PC or copper-clad Vector board to permit 
operation above 30 MHz, as described later. Leads 
up to and including the diodes should be kept short. 
The detector assembly should then be housed inside 
a compartment or BUD™ box. 

The diodes are Schottkys, which are inherently 
better matched than conventional types and are es¬ 
sential. In addition, these diodes have a better sensi¬ 
tivity than ordinary silicon diodes, thus providing up 
to -40dBmsensittivity with careful biasing. 

A variety of op-amps were tried in this circuit with 
good results, including the 741, LM301A, and 
LM312. Doubtless there are others which would 
work equally well. 

With this design and a little attention paid to short 
leads at the front end, my unit had a perfect square- 
law response between -23 dBm and - 13 dBm and 
was virtually flat up to approximately 500 MHz.* An 
extra 10 dB of sensitivity could have been achieved 
by calibrating the detector for the - 33 dBm to - 23 
dBm range, but op-amp drift effects began to show 
up here. Operation between -23 dBm and -13 
dBm is drift free. 

With this kind of frequency response, it would pay 
to provide a jumpered detector input on the back 
panel of the power meter to allow power measure¬ 
ments at vhf and above using the detector alone. 

To access the detector (thus bypassing the 
switched attenuator and preamp, which are much 
more frequency limited) you could simply remove the 
jumper coax and plug right into the detector. I don't 
operate above 30 MHz so I did not include this in my 
set. 


'Compared to a Hewlett-Packard 8640B signal generator as a reference 


may 1981 SB 71 




dB percent full scale 

0 100 

w! 79 

- 2 63 

-3 50 

-4 40 

5 32 

- 6 25 

-7 20 

-8 16 

- 9 13 

-10 10 

-20 1 


fig. 2. Data for calibrating the dB meter. 



calibration 

Calibration of the detector is an intermediate step 
that should be accomplished to ensure that the 
detector is working properly and to provide a means 
of measuring the gain of the preamp once it is built. 
When the power meter is completed, it will then 
require only minor readjustment to bring it into abso¬ 
lute calibration. 

Since the ultimate accuracy of the power meter 
depends on the reference used to calibrate it, it is 
crucial that care be taken in its selection. The ideal 
reference is an accurately calibrated signal generator 
that can be tuned over the full operating band. Usu¬ 
ally this is impractical, so the next best alternative is 
to simply build a fixed frequency, high-frequency os¬ 
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fig. 5. Symmetrical pi attenuator foi 
dBm oscillator signal into the range 
Z = 50 ohms resistive. 
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cillator with an output of about 13 dBm into 50 ohms, 
corresponding to 1 Vrms. This level is easily measur¬ 
able with an rf probe and VOM. This oscillator will be 
used to calibrate the detector and the preamp. Fig. 4 
shows a simple oscillator that will deliver 13 dBm. 
The relationship between output voltage and power 
in dBm (50 ohms) is given so that you should be able 
to compute the exact power output of your oscillator 
once the rf voltage is measured. Just remember that 
you must measure the voltage with the output term¬ 
inated into 50 ohms (a 50-ohm noninductive resistor 
will do nicely as a temporary load). 

The 13-dBm signal must now be attenuated to 
bring it into the range of the detector. Adding a total 
of 26 dB of attenuation to the oscillator output sup¬ 
plies the - 13 dBm reference required. This reference 
is chosen since the detector is preceded by a 37-dB 
preamp, thus giving the desired - 50 dBm (full scale) 
sensitivity. Fig. 5 shows component values used for 
constructing the attenuators. Small adjustments to 
the oscillator collector voltage can also be made for 
small corrections to output level. 

With no input connected to the detector, the zero 
adjustment should first be set to bring the meter 
reading to zero. Next connect the -13 dBm refer- 
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ence signal to the detector and adjust the calibration 
trimpot to set a full-scale reading. The meter multi¬ 
plier pot will also have to be adjusted to accommo¬ 
date your particular meter sensitivity. Disconnect the 
input signal and reset the zero adjustment. Continue 
alternating between the zero and calibration pots to 
complete the initial detector calibration. 

To verify square-law operation of the detector, 
simply add a 3-dB attenuator between the - 13 dBm 
reference signal and the detector input. The meter 
should indicate half scale, corresponding to 3 dB 
below full scale or -16 dBm absolute power. Re¬ 
placing the 3-dB attenuator with a 10-dB attenuator 



should bring the meter indication to 0.1 of full scale, 
corresponding to 10-dB below full scale, or -23 
dBm. The detector is now absolutely calibrated over 
the -23 dBm to -13 dBm range and will be used 
subsequently (along with the attenuators) to cali¬ 
brate the preamp. 

preamplifier 

The preamp used ahead of the detector supplies 37 
dB of amplification using two 2N5179A transistors in 
a broadband configuration (fig. 6). Construction is 
not critical, and the amplifier should be stable with 
the emitter and shunt feedback. The feedback also 
provides a good input impedance match to 50 ohms. 
Measured input VSWR was better than 1.2. This is 
important to provide a good match to the step atten¬ 
uator, which precedes the preamp. If you use an¬ 
other preamp circuit remember not to compromise 
this parameter. 

The broadband transformers should be wound on 
high-permeability ferrite toroids to ensure the full 
bandwidth. Using the values shown, the 3-dB band- 
widths were3.0and77MHz, and the 1 dB bandwidths 
were 3.5 and 37 MHz. Adding a few extra turns 
should increase the lower 3-dB frequency to allow 
coverage of the 1.8 MHz band if desired. 

Once completed, the preamp should be tested to 
ensure that 37-dB gain is achieved. More or less gain 
will require reaccomplishing the detector initial cali¬ 
bration so that the preamp and detector combination 
have the required - 50 dBm full-scale sensitivity. As¬ 
suming that the gain is measured to be 37 dB, ± a 
few dB, this final adjustment can be deferred until 
the power meter is completed. 

To measure preamp gain, construct a 40-dB fixed 
attenuator and connect it to the - 13 dBm reference 
output. This -53 dBm signal is now applied to the 
preamp input and the preamp output connected to 
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the calibrated detector and meter. The meter should 
indicate -16 dBm (half scale, assuming full scale is 
- 13 dBm), corresponding to 37 dB of preamp gain. 

input attenuator 

The switched input attenuator was unquestionably 
the most difficult part of the project. Fig. 7 shows 
the completed unit. A number of prototypes were 
built with varying degrees of success. The problems 
encountered most often were (1) flatness variations 
(a few dB greater than the 1-dB design goal) at the 
high frequency end of the range, and (2) degraded 
input-to-output isolation at attenuation levels above 
70 dB despite my attempts at shielding. This limits 
operation of the power meter to 20 dBm (where 70- 
dB attenuation is used). 

As an alternative, you might consider building the 
attenuator using small slide or toggle switches, per¬ 
haps even external to the power meter. Such a unit 
would have other applications as well as being useful 
in calibration of the detector and preamp. The 1980 
edition of the Radio Amateur's Handbook shows 
construction of a shielded 147-dB step attenuator 
using simple slide switches; it looks like a good pros¬ 
pect. Using this proven design, you could probably 
remedy the isolation problems I encountered and in¬ 
crease the measurement range to 30 dBm or higher. 

If building the relay-switched attenuator still ap¬ 
peals to you, a couple of construction points are 
worth remembering: 

1. A single-side PC or Vector™ board layout is desir¬ 
able for minimizing isolation problems and frequency 
response resulting from impedance mismatches. 
While the 50-ohm environment of a transmission line 
is certainly not preserved, I found that by using small 
PC-mount relays on a Vector board and a physically 
small layout, an input VSWR less than 1.4 and ± 1 dB 
flatness up to 30 MHz was attainable, even at the 0 
dB attenuation setting (all attenuators switched out). 
Although not shown in my unit, shielding between 
attenuator sections would still be good insurance 
against isolation problems despite my experience. 

The resistors used to build the attenuator sections 
are film type, 1 per cent tolerance, 1/4-watt units 
mounted close to the relay contacts. Physically 
small, low-wattage resistors reduce the capacitance 
to ground and help keep the flatness variations 
reasonable. 

2. The attenuator sections consist of 10-, 10-, 20-, 
and 40-dB sections switched in as required to provide 
0-70 dB of attenuation in 10-dB steps. A 10-dB sec¬ 
tion is used as the input section and remains switched 
in at all times except at the highest sensitivity setting 
of the power meter, -50 dBm. This helps establish 


the good input VSWR and is important when charac¬ 
terizing devices such as 50-ohm LC filters, which re¬ 
quire a good 50-ohm termination. 

Considering the isolation problems mentioned ear¬ 
lier, measurements at levels above 20 dBm should be 
done with fixed attenuation ahead of the power 
meter. Of course, this requires mentally adjusting the 
readings for the extra attenuation. Remember to 
construct the external attenuators with higher wat¬ 
tage resistors to dissipate the increased power. 

To provide switching the input-attenuator relays, a 
4p8t switch or sp8t switch (both make before break) 
with a diode switching matrix can be used. Since 
4p8t switches are not too common, I chose the latter 
technique. The diode switching matrix is shown in 
fig. 8. The diodes used should be germanium or 
other low barrier diodes to minimize voltage drops 
and maintain switching reliability, especially if 5-volt 
relays are used. If 12-volt or higher relays are used, 
silicon diodes should be ok. 



relays. Single pole, 8-throw switch was used. 


putting it all together 

Once the detector, preamp, and attenuator mod¬ 
ules have been constructed, they should be cascaded 
and the final calibration can be performed. If all goes 
well, the last step is to mount it all in a suitable box. 

Final calibration of the power meter requires sim¬ 
ply connecting the - 13 dBm reference signal to the 
input, setting the input attenuator to the -10 dBm 
full-scale range (corresponding to 40-dB attenuation 
if an external switched attenuator is used), and 
tweaking the detector calibration pot to set the meter 
indication to -13 dBm, or half scale. Power-meter 
switching accuracy can be verified by using fixed at- 
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tenuators to attenuate the reference signal and com¬ 
paring this known level to the power-meter reading. 
Fig. 9 shows the flatness and step accuracy that I 
achieved with my power meter. 

Performance testing was done using a Hewlett- 
Packard 8640B signal generator and fixed attenua¬ 
tors accurate to better than 0.1 dB. Keep in mind 
that, while you probably won't be able to perform 
such quantitative performance tests on your power 
meter, the in band flatness could be expected to be 
no worse than a few tenths of a dB, and the absolute 
accuracy could reasonably be less than a few dB, as¬ 
suming the rf probe and VOM used in the detector 
calibration were accurate to within 10 per cent. Rela¬ 
tive amplitude accuracy over the full - 60 dBm to 20 
dBm range at a fixed frequency should be even bet¬ 
ter and depends primarily on the precision of the at¬ 
tenuator sections used in the input attenuator. Not 
bad at all. 

The second part of this article will deal with some 
of the measurements you can make using the power 
meter. Details of the construction of a return loss 
bridge, useful for making accurate measurement of 
low VSWR, and other measurement accessories will 
be given. We will look at some important measure¬ 
ment considerations aimed at improving the accura¬ 
cy of your measurements. 

ham radio 


The Larsen KQlrod® JlHi 


Good 
Looker. 

Great 
Performer 




They say "beauty is as beauty does". And the 
streamlined, low silhouette Larsen Kulrod Antenna 
performs as beautifully as it looks! 

You get real performance, thanks to solid 
contacts with no power wasted in inefficient 
base or phasing coils. And there’s no power loss 
through inefficient high loss whips when you use 
a Larsen Kulrod Antenna. 

These antennas were engineered to serve the 
tough, highly competitive two-way communications 
field. They are in demand and sold throughout the 
United States and around the world — though 
often priced a bit above other antennas. The 
reason? Top performance and looks. 

Larsen Kulrod Antennas are available at leading 
Amateur stores. Choose from a variety of easy-to- 
install permanent and temporary mounts and in 
the 50,144,220 and 440 MHz amateur frequencies. 

Write for a free catalog and name of the nearest 
Larsen dealer. And before long you’ll be getting 
“fine signal" reports on your new Larsen Kulrod. 



rsen Antennas 

can hear the ditterence! 

Canada, write to: 


In U.S.A., write to: 

P.O. Box 1686 
Vancouver, WA 98663 283 E. 

Phone [206) 573-2722 


Avenue 
Vancouver, B.C. V5T 2C 
Phone (604) 872-8517 
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Garth stonehocker, koryw 


last-minute forecast 

The first of the month is expected 
to favor the lower frequencies over 
the higher bands for nighttime DX 
activities. DX conditions for the 
upper-frequency bands should im¬ 
prove during the third week, then 
round off and drop during the last 
week. Solar radio flux is expected to 
be high during that time. Propagation 
disturbances from solar-flare activity 
of 2 to 3 days' duration are possible 
around the 10th and 21st. Conditions 
will generally be poorer for hearing 
and working DX during these distur¬ 
bances, but look for unusual DX loca¬ 
tions to appear with weak, fading 
signals. 

The lunar perigee, of interest to 
moonbounce DXers, will occur on 
the 4th of this month. An Aquarid 
meteor shower, of interest to meteor- 
scatter DXers, will show a maximum 
between May 4th and 6th, with a rate 
of 10 and 25 per hour for the North 
and South Hemispheres respectively. 

sporadic-E propagation 

One of the major paths for excel¬ 
lent DX signals is short skip, or multi¬ 
ple short skips, in the summer on the 


higher-frequency bands. The end of 
May heralds the beginning of the spo- 
radic-E (Es) propagation season. Es is 
a thin layer of intense ionization 
about 60 miles (100 km) above the 
earth. It gives rise to strong, mirror¬ 
like signal reflections over the short- 
skip distance of 600 to 1200 miles 
(1000 to 2000 km). Signals remain 
strong from a half hour to a couple of 
hours on the average, as the name 
"sporadic" suggests, rather than all 
day or night as with other high-fre¬ 
quency propagation. 

The maximum high frequency prop¬ 
agated by Es follows the sun across 
the sky; the highest probability of 
occurrence, however, is near sunrise 
and again around sunset. These two 
facets of Es affect short-skip open¬ 
ings differently. Openings on the 
higher-frequency bands occur near 
noontime, and the lower bands tend 
to have openings near sunrise and 
sunset. 

Now look at the best locations for 
these Es openings: since Es is related 
to the summer sun, the effect is in the 
Northern Hemisphere from June on 
into September and in the Southern 
Hemisphere during their summer, 
December through March. The best 


Es is on either side of the geomagnet¬ 
ic equator; it's especially good where 
the geomagnetic equator has great¬ 
est separation from the geographic 
equator. These special areas are 
Southeast Asia in the Northern Hemi¬ 
sphere and South America in the 
Southern Hemisphere. The first is the 
best of the two because the E region 
ionospheric electric currents are 
strongest there. 

To look for Es openings on the 
higher-frequency bands, monitor 
beacons on 6, 10, and 15 meters, 
WWV frequencies, and CB channel 
19. Also check TV channels 2 
through 5 for 6- and 2-meter open¬ 
ings. The lower bands don't need 
beacon monitoring, since Es open¬ 
ings (sunrise and sunset) are available 
most nights. Remember: couple your 
antenna to the ionosphere with take¬ 
off angles of 20-30 degrees (see the 
January, 1981, DX Forecaster). 

band by band summary 

Six meters will provide very good 
openings during high solar flux to 
South Africa, Australia, and New 
Zealand around local noontime. Look 
for possible Es short-skip by monitor¬ 
ing TV. 

Ten, fifteen and twenty meters will 
have DX from most areas of the 
world during daylight and into the 
evening almost every day, either long 
skip to 2500 miles (4000 km) or Es 
short skip to 1200 miles (1920 km) per 
hop. The length of daylight is now 
approaching maximum, providing 
hours of good DXing. 

Forty, eighty, and one-sixty meters 
are the night DXer’s band. On many 
nights 40 meters will be the only 
usable band because of thunderstorm 
QRN, but signal strengths via Es short 
skip may overcome the static when 
Es is available. Es is not that available 
in May, although it should be better 
next month. 

Choose the band that will give the 
best DXing for you at your and their 
operating times and locations. 

ham radio 


76 QS may 1981 



WESTERN USA 


MID USA 


p DT 

N NE E SE S SW W NW 

t / - \ i 


- 

N NE E SE S SW W NW 

t / - \ i /-\ 

COT 

nr 

- 

20 

- 

15 

10 

10 

10 

15 


6:00 

- 

20 

15 

15* 

15 

10 

10 

15 

Bi 

6:00 

- 

nr 

20 

10 

10 

10 

nr 

15 


a 

15 

nr 

nr 

nr 

15 

nr 

nr 

nr 

B 

7:00 

- 

20 

20 

10 

15 

10 

10 

15 

8:00 

11 

20 

20* 

15* 

15 

10 

10 

15 

rnr 

m 

- 

20 

20 

10 

15 

10 

10 

15 


nr 

1 

20 

20 

15 

15 

15* 

15* 

15 

B 

9:00 

- 

20 

40* 

15 

15 

15* 

10 

15 


m 

- 

20 

40* 

15 

15 

15 

15* 

15 

B 

,0:00 

- 

nr 

40* 

15 

15 

15* 

15* 

15 


m 

- 

20 

40* 

15 

20 

15 

15 

20 

B 

„:00 

- 

20 

20 

15 

20 

15 

15* 

20* 

B 

- 

20 

20 

20 

20 

15 

15 

20 


,2:00 

2d 

31 

20 

15 

20 

15 

15* 

20* 


B 

20 

20 

20 

20 

20 

20 

15 

20 

B 

-:00 

20 

3 

20 

20 

_20_ 

15 

15 

20 


QJ 

20 

- 

20 

20 

31 

20 

15 

20 

jg 

2:00 

20 

_r_ 

20 

20 

20 

15 

15 

20 



20 

_ 

20 

20 

20 

20 

20 

20 

m 

FT 

20 


- 

20 


15 

_15_ 

20 



20 

_ 

_ 

20 

5S 

EM 

Eil 

mi 

B 

400 

20 

- 

- 

20 

20 

20* 

15 

20 


B 

20 

— 

— 

20 

40 

20 

31 

20 

wo 

5:00 

_20_ 

_ 

— 

20 

_40_ 

20* 

20 

20 


33 

20 

20 

_ 

15 

40 

20 

20 

20 


nr 

20 

20 

20 

20 

_40_ 

20 

20 

20 


a 

Eil 

ESI 


15 

- 

20 

20 

20 

B 

7:00 

20 

20 

15 

15 

_40_ 

20 

20 

20 


33 

Eil 

EB 


31 

_ 

20 

31 

20 

9:00 


20 

20 

15 

15* 


20 

20 

20 


Qj 

ESI 

B 


15 j 

_ 

_ 


20 

,0.00 


15 

20* 

15 

10 

- 

— 

- 

20 



gjjj 

B3 


nr 

— 



20* 

nr 

FT 

nr 

"IT 

nr 

nr 

- 



15 


[Q 

m 

m 

15 

10 


- 

- 

m 

nr 

„:00 

,1T 

nr 

nr 

IT 

- 

- 

- 

nr 


j§3 

m 

m 

15 

nr 

- 

15 

_ 

15 

1:00 

FT 

"IT 

TF" 

IT 

nr 

- 

15* 

nr 

20* 


,:00 

ii 

ex 

15 

10 

— 

15 

15 

15 

nr 

,:00 

;ir 

- 

15 

15* 

- 

10 

10 

15 


2:00 


m 

- 

10 

— 

15 

10 

B 

3:00 

2:00 


- 

- 

15 

- 

10 

10 

15 


3:00 

B 

m 

_ 

10 

10 

10 

10 

15 

4:00 

3:00 

- 

20 

- 

15 

- 

10 

10 

15 


4:00 

- 

B 

_ 

10 

10 

io_ 

10 

15 

S:0O 

FT 

- 

20 

- 

15 

10 

10 

10 

15 


nr 

_ 

20* 

— 

10 

10 

r 

10 

10 

15 

nr 

<c 

S 

< ^ 

1 

| 

1 

I 

s 

lj 

f 



i 

§ 

| 


5 

| 

ff 

| 















UNDERSTANDING 

AMATEUR 

R4DIO 

■C°" -S 

L. <5"b I d 


Published by the experts in Ama¬ 
teur Radio, The American Radio 
Relay League, Understanding 
Amateur Radio is just the book for 

the newcomer. There are over 

210 pages of text with chapters 
on: electronic fundamentals, 
semiconductor and tube opera¬ 
tion, how code and phone (AM, 
SSB, and FM) transmitters and 
receivers work, all about antennas, 
tips for the workshop and test 
bench, building transmitters, re¬ 
ceivers, and power supplies, mak¬ 
ing measurements, and how to set 
up a station. If you are interested 
in radio communication and basic 
radio fundamentals then order a 
copy of Understanding Amateur 
Radio today! 


UNDERSTANDING AMATEUR RADIO 
SS (SS.50 OUTSIDE OF THE U.S.) 
SHIPPED POSTPAID. ALLOW <-S WKS. 


< ) My check for $_is enclosed. 

( ) Please charge my Master Charge 
or Visa 


Name_ 

Address_ 

City_State_. 

Zip- 

Visa or MC account 

number ___- 

Expiration date- 

MC Bank no_ 

HR 



Coming Events 

ACTIVITIES 

“Places to go...” 

ARKANSAS: The Northwest Arkansas A R C.. Inc. will 
hold Its first annual Hamfest/Swapfesl on May 16lh ai 
Ihe Siloam Springs Community Building starting at 8:0C 

sXs.E^Bob"Hmmon!'W5SEp 5 R 0 S ule P ! 6 Box °i3E,' Elk- 
Ings. Arkansas 72727. 

CALIFORNIA: 9th annual Sacramento Valley Radio Ham 
Swap on May 31st from 9:00 • 3:00 al the Machinist s 
Hall. 3081 Sunrise Blvd., Rancho Cordoval. Food, club 
auction, prizes, and FREE ADMISSION. Talk-in on K6IS 
on 144.59/145.19 and 223.18/224.78. 


CALIFORNIA: ARRL Pacilic Division Convention and 
39th annual Fresno Hamlest on May 15th-17th at the 



California 94025. 

GEORGIA: 1981 Atlanta HamFestival on June 20th and 

puier show. More inlo: S.A.S.E. to Atlanta HamFestival 
1981. P.O. Box 27553. Atlanta. Georgia 30327. 

IDAHO: The Kootenai Amateur Radio Society's Hamfesl 
‘81 on May 9th at the North Idaho Fairgrounds. Coeui 
D'Alene. Commercial displays, swap tables, lood. rai 
lies, prizes, plus more. Talk-in on 146.37/.97. 



222.5/224.10. 

KENTUCKY: The Northern Kentucky A.R.C. Ham-O- 
Rama on May 31st al Ihe Boone Counly Fairgrounds in 
Burlington. Flea Market, exhibits, prizes and more. Ad¬ 
mission: $4.00. children under 12 Iree. More info: Ken 
Miller, WD8ISC. P.O. Box 257. Erlanger. Kentucky 41018. 

MAINE: Yankee Radio Club s Yankee Hamlest ’81 on 
June 20th at the Oxford County Fairgrounds in Oxlord. 
Displays, talks, XYL progam. swap tables. Flea Market. 

olete wilh‘dinner and $7.00 lor early registration. Admis¬ 
sion at gale: $2.50. Talk-ln on 146.28/88 by Don Dean. 
W1BYK. More info and tickets: S.A.S.E. to Edward 
Fahey. Jr.. 19 Far well SI.. Lewiston. ME 04240. 
MARYLAND: The Maryland FM Association's annual 
Hamfest/Compuler show on May 31st al Ihe Howard 
County Fairgrounds in West Friendship trom 8:00 to 
4:00. Talk-in on 146 167.76- Admission: $3.00 donation. 
More inlo: MFMA. c/o Heru Walrnsley. Post Oflice. Har¬ 
mans. Maryland (301) 766-3545. 

MARYLAND: Fourth annual Frederick Hamlest on June 
21 si al the Frederick Fairgrounds from 8:00 to 4:00. Free 
parking, prizes, demonstrations, exhibits. Ilea market 
tables and more. Admission: $3.00. YL's and children 

and Peg. N3AIJ, 9425 Glade Ave.. Walkersville. Maryland 
21793(301)898-3233. 



More Details? CHECK-OFF Page 118 
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NEWCOMER OR OLD PRO . 

ALPHA POWER | 

IS YOUR KEY TO A 

BIG SIGNAL 




RHODE ISLAND: The Newport County Radio Club's i 


VIRGINIA: The Ole Virginia Hams A.RC.'s seventh an¬ 
nual Manassas Hamlesl on June 7th ai Ihe Prince 
William County Fairgrounds In Manassas (30 miles west 
ol Washington D.C. on Route 234). Exhibits, dealers, 
lood, prizes and much more. More Into: S.A.S.E. to Ole 
Vlrlglnla Hams A.R.C., Inc., P.O. Box 1255, Manassas. 
Virginia 22110. 

VIRGINIA: The Lynchburg A.R.C.'s third annual swaptesl 
on May 3rd at Ihe Brookville High School In Lynchburg. 
Starts at 10:00. Tables, lood, tree parking, and more. 
Talk-in on 146.011.61 and 146.52. More Into: Kenneth D 
Grimm K4XL. 505 Hayes Dr.. Lynchburg. Virginia 24502. 


OPERATING EVENTS 

“Things to do...” 


MAY 3rd: The 50th anniversary ol Ihe Reading Radio 
Club will be celebrated with a special event station (mini* 
DX*pedltion) to Berhs County's loremost spot. Virgin* 


IV-is, E j: lU 


Mackinaw Island during the Michigan QSO party. Opera- 

ed. Look lor W3MAI. S.A.S.E. for special cerllllcate to 
P.O. Box 175, St. Joseph, Michigan 49085. 


night* by high noon. Over 600,000 to 
the city. Commemorate this and W 

18th. Listen for W7AQ on 28.660. 21 
and 3.940 lor SSB. CW will be on 28. 


MMMH 


From CUBIC, Builders of America’s 
finest HAM Radio Equipment. 

Exclusive heavy duty 11 

construction all-band // 

manual switching an- j 

tenna for 10, 15, 20, 40 if 

and 75 meters. Power 
rated at 500 watts PEP. 

Has a patented high-Q JJi 
tapped coil with GOLD JpjBh 
PLATED switch con- T BP 
tacts. J. m 


5 Band Manual 
Switching up to 75 
Meters at 500 
Watts PEP 


MMBX A 

Switchable Antenna 1 

matchbox. Seven a 

impedance ratios above fi 
or below 50 ohms from m 
1.7lo 30 MHz. ■ 


MAY 31 st: The Gabllan A.R.C, will put San Benito County 


10 every lime Ihe repeal interval lime has elapsed 

• CONNECTS DIRECTLY TO MICROPHONE AND PTT 
INPUTS OF MOST TRANSMITTERS MINIATURE SIZE 
TRANSMITTER 

• PROGRAMMABLE CODE SPEED. TONE. AND 
REPEAT TIME 

• ADJUSTABLE CODE AUDIO LEVEL 

• PREPROGRAMMED MEMORY ELEMENTS - 

254 OR (510 BIT) (OPTIONAL) 

• SIZE —1X4 INCHES 

• INCLUDES SWITCHES. WIRING AND INSTRUCTION 


Securitron 

P.O. Box 32145 * San Jose, Ca. 95132 
Phone (408) 294*8383 


JUNE 191h • 21st: The seventh annual Summer Smirk 
Party Contest from 1900 hours COT the 19th to 1900 
hours the 21st or 0000 hours the 20th to 2400 hours the 
21st. UTC/GMT/Z. Exchange SMIRK number and State, 

score- Entries must be submitted on the Fall, 1980 edi- 
tlon of Ihe olllcial SMIRK tog, Single copies available lor 
a S.A.S.E. and photocopies may be used. More info or 


THE ATLANTA RADIO CLUB announces the third annual 
competition for two $500 cash scholarships. Each 

Scholarship! 259* Wetherstone Parkwr^MarieUa^A 


AWARD INFORMATION: Revised. The "KMC and 
lro° K KB7SB d, po m Box 46032* L* **!? ^IHo^' 6 


s with the miscellaneous K calls (KG4, 
). Send log data and #10 S.A.S.E. to 
units postage lor return In mailing lube. 


The M34 mobile antenna 
gives you three bands— 
10,15 and 20 meters. For a 
fourth band, add our op¬ 
tional 160, 80 or 40 meter 
coil and top section. 

You end up with full 
capability 4-band mobile 
antenna requiring no coil 
change or adjustments 
after Initial tuning. 


Call or write for a complete antenna brochure. 

(g^CUBIC 

COMMUNICATIONS,INC. 

305 Airport Road, Oceanside, CA 92054 
(714) 757-7525/Telex: 695435; 

ANS BK: CUBICOM. OCEN. 


More Details? CHECK-OFF Page 118 
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using a 2-meter quarter- 
wave whip on 450 MHz 

Many Amateurs who enjoy oper¬ 
ating 2-meter fm also use a local 450- 
MHz repeater. One problem facing 
the dual-band mobile aspirant is plac¬ 
ing two separate antennas on the car 
without jeopardizing its resale value. 

Because the best location is the 
center of the roof and two antennas 
can't occupy the same place at the 


same time, I propose the use of a sin¬ 
gle antenna for both bands. Fortu¬ 
nately, because of the direct third- 
harmonic relationship between the 
popular 146-148 MHz and 442-450 
MHz repeater sub-bands, a conven¬ 
tional 1/4-wave, 2-meter whip will 
perform admirably on both bands. At 
450 MHz, the whip performs as a 3/4- 
wave antenna with a 50-ohm impe¬ 
dance. Although the 3/4-wave anten¬ 
na has a higher angle of radiation 


than a 5/8 or 1/4 wave, this effect is 
negligible. 

It has been pointed out in the past 
that a roof-mounted 1 /4-wave whip 
on 2 meters will often outperform a 
5/8-wavelength antenna at highway 
driving speeds because of the way 
the 5/8 flexes in the wind. 

Note that, for best results, the 
whip should be pruned for best VSWR 
at the 450-MHz operating frequency. 

Peter J. Bertini, K1ZJH 


aligning Yagi beam 
elements 

-a correction 

Some essential information was inadvertently 
omitted from Roy Lehner's article in the Janu¬ 
ary, 1981 issue of ham radio. The complete arti¬ 
cle is presented below. Editor. 


Assembling beam elements so that 
they are in line with each other and 
also parallel to the ground can be a 
frustrating experience when eyeball 
or ground-assembly methods are 
used. The scheme shown in the 
drawing provides a neat installation in 
a few minutes and doesn't require 
any special tools other than a small 
level. The steps below refer to the 
numbers in fig. 1. 

1. Lay boom on concrete blocks or 
other suitable support. 

2. A dummy mast stabilizes the boom 
structure by virtue of its offset, 
downward weight and does not per¬ 
mit boom to rotate while performing 
step 3. Alignment of mast must be 
perfectly vertical (see detail A-A), and 
can be accomplished by sliding mast 
up or down relative to the boom-to- 


mast plate. Be sure that this mast 
rests on firm ground and can't slip 
through the clamps. 

3. Again, using the small level, align 
the individual elements so they are 
parallel to the ground. Place the level 


on top of each element and as close 
to the boom as possible. A slight 
downward indication may be noticed 
due to the weight of the element; in 
this case, adjust for an equal declina¬ 
tion on both sides of the boom. 

Roy Lehner, WA2SON 
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modification of K9LHA 
2-meter synthesizer for 
144-148 MHz coverage 

The 2-meter CMOS frequency syn¬ 
thesizer described in ham radio for 
December, 1979, can be modified for 
full 2-meter band coverage by making 
the following modifications: 

1. Remove the jumpers on pins 8 and 
9ofU1 (CD4059). 

2. Change the two high-frequency 
crystals (Y1 and Y2) to 47.333 - l J 
MHz and 47.3333 MHz respectively. 


3. Provide a modified switch code for 
the MHz range switch as shown 
below. 

4. Increase the VCO tuning range as 
required by increasing the size of the 
padding capacitor (C12). 

MHz switch code (revised) 

A new switch code is needed for 
the MHz switch for the increased fre¬ 
quency coverage. In addition to pin 
10, which is programmed in the exist¬ 
ing design, this switch code must be 
applied to pins 8 and 9, which were 
previously fixed in programming. A 


three-pole rotary switch can be used 
for each MHz range switch, or addi¬ 
tional toggle switches can be used to 
select two coverage ranges: 144-146 
and 146-148 MHz. This latter method 
is probably the simplest and cheap¬ 
est, although it lacks the simplicity of 
directly reading frequency that the ro¬ 
tary switches would provide. The 
new MHz code is as follows: 


MHz 

pin 8 pin 9 

pin 10 

145 

0 1 

5 

146 

1 0 

0 

147 

1 0 

1 


Tom Cornell 

, K9LHA 


fig. 2. CWmemory 1 mod¬ 
ification to add delayed 
second-LED flasher to 
memory, indicating re¬ 
serve. One-half of the 556 
holds the input high for 
10 seconds. The second 
half is modulated by the 
first at pin 11 and allowed 
to flash on/off five 
times, which leaves 
approximately 6 seconds 
of memory storage 
before the LEO light goes 



CW memory 
modification 

The November, 1980, issue of ham 
radio had a fine article on a CW mem¬ 
ory circuit by Ray Megirian, K4DHC. 1 
I assembled the circuit on a perf 
board and installed it in a 7 x 5 x 4 
inch (17.8 by 12.7 by 10 cm) cabinet 
with an internal power supply. 

After I'd become familiar with the 
unit, I realized that the LED indication 
of one-half memory remaining during 
any keyed-in message left something 
to be desired, since it was too difficult 
to estimate remaining storage time 
while keying. Once the balance of 
memory was overridden, the addi¬ 
tional data could not be stored. 

circuit 

A simple and easy add-on solution 
was made using the familiar NE555 in 
the dual 556 package (fig. 2). I 
assembled the circuit on a 2 by 1 % 
inch (5 by 3.8 cm) piece of perf 
board. 

The one-half LED ON time came to 
about 20 seconds, as timed by the 
sweep second hand of my watch. I 
arbitrarily elected to use a flashing 
LED display to be set for five flashes 
and off, after which 5 seconds of 
storage remained for final keying. 

The first section of the 556 was set 
up as a monostable with its time con¬ 
stant — determined by R1, Cl and 
the series 820-k resistor — as 10 sec¬ 


onds. The second, or flashing, sec¬ 
tion of the 556 was set up as an 
astable free-running oscillator, fre¬ 
quency modulated through pin 11 
from pin 5 of the first monostable 
section. Timing in both cases was set 
by the miniature 500k pots. 

operation 

Since the trigger input to the first 
556 section is taken directly from pin 
8 of IC4 in Merigian's article, 1 timing 
begins as soon as that LED fires. The 
new timing (flasher) LED also fires 
and repeats for four additional 
flashes, equaling the passing of 15 


seconds, after which it extinguishes. 
The storage LED will remain ON for 
the remaining 5 seconds of storage 
time. 

You can make your own adjust¬ 
ments as to start and number of 
flashes with R1, R2. I first considered 
using only three flashes, in which 
case the 820k series resistor on R2 
should be increased to 1 meg. How¬ 
ever, I react only to the halting of the 
flashing during input keying, so I se¬ 
lected five flashes. 

reference 

1. Ray Megirian, K4DHC, ■’Simple CW Memory," 
ham radio, November, 1980, pages 46-47. 

Gene Shapiro, W0DLQ 
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products 


Curtis 8044M adds 
speedmeter output 

An enhancement of the popular 
8044 CMOS keyer has been intro¬ 
duced by Curtis Electro Devices. 
Called the 8044M, this new integrated 
circuit adds an output designed to 
drive an analog meter for speed indi¬ 
cation. Speed indication from 6 WPM 
to as high as 100 WPM can be accom¬ 
plished by simply adding two capaci¬ 
tors, a resistor, and a 100-/tA meter. 
The meter indication can be cali¬ 
brated to be well within a 5 percent 
tolerance. The reading is stable, even 
at the lowest speeds. 


WPM 



The addition of two extra pins at 
the end of the package permits a pin- 
for-pin fit with the standard 8044. 
One of the pins is used for a timing 
capacitor and the other pin drives the 
meter directly. This allows retrofitting 
in many existing keyers with relative 
e|ase. The keyer function of the 
8044M remains the same as in the 
8044 design, providing dot and dash 
memories, iambic operation, key de¬ 
bouncing, weight control, monitor 
oscillator, and extremely low power 
dissipation. 

Housed in an 18-pin plastic pack¬ 


age, the 8044M is priced at $19.95 
and is available from Curtis dealers or 
factory stock. Two kits are available 
to help in construction of a quality 
keyer. The 8044M-3 offers the 1C, a 
PCB, edge connector, socket and 
manual for $29.95. The 8044M-4 is 
more complete offering all parts ex¬ 
cept chassis, knobs, jacks, switches, 
speaker, meter, and power supply. It 
is priced at $59.95. Various suitable 
meters are also available and are 
priced at $7.95. For further informa¬ 
tion, contact Curtis Electro Devices, 
Inc., Box 4090, Mountain View, Cali¬ 
fornia 94040. 

"no-stretch" guys 

Lightweight, noncorroding guys 
offered by Philadelphia Resin Corpo¬ 
ration provide significant improve¬ 
ments in tension-elongation proper¬ 
ties when compared with galvanized 
IPS wire strand, GRP rod and Philly- 
stran PS29 (the manufacturer's origi¬ 
nal flexible, dielectric guys). 

The new Phillystran HPTG tower 
guys are smaller in diameter and light¬ 
er than earlier Phillystran guys. 
Hence, wind resistance has been de¬ 
creased and there is significantly less 
surface for ice accumulation. Weath¬ 
er resistance has been further in¬ 
creased by a new extruded olefin, 
copolymer jacket, which ensures 
complete protection against ultravio¬ 
let degradation. 

The termination of factory-assem¬ 
bled, cut-to-length, dielectric guys 
has been upgraded with an improved 
potting system. However, the major 
improvement in Phillystran HPTG is its 
much lower elongation, not exceed¬ 
ing 0.3 per cent at normal working 
loads. This extremely low elongation 
— and the negligible creep of an 
assembled guying system — signifi¬ 
cantly decreases tower deflections, 
while providing riggers with the con¬ 
venience of tension-once and walk¬ 
away installations. 

The new dielectric tower guys in¬ 
corporate all of the advantages pro¬ 
vided by Phillystran guys, including 
the following: 


Elimination of white-noise arcing, 
EMI, and complaints about TV recep¬ 
tion near radio-broadcast sites. 
Significantly fewer labor hours re¬ 
quired to guy a new tower or to reguy 
an existing tower. 

No insulators or painting required. 
Resistant to icing and inclement 
weather. 

High strength-to-weight ratio. 

No problems with fire. A short, steel 
lead line is recommended between 
each ground-level turnbuckle and 
each flexible, dielectric guy. 

Unlike conventional metal guys, 
Phillystran is not affected by salt¬ 
laden atmospheres or by airborne 
pollution from industrial plants or 
automobiles. It also has no internal- 
corrosion problems. On an installed- 
cost basis, the flexible, lightweight 
dielectric tower guys compare very 
favorably with insulated steel guys. 

For more information, conlact 
Rosely Stranski at Philadelphia Res¬ 
ins Corporation, Montgomeryville, 
Pennsylvania 18936. 

police/fire converter 

The new MFJ police/fire convert¬ 
er, model MFJ-311, will convert any 
2-meter synthesized or VFO rig to 
cover the VHF-band police and fire 
frequencies. If your rig covers 
144-148 MHz, just insert the MFJ-311 
in line with the antenna, connect 
power, and turn on the converter, 
now you can receive 154-158 MHz. If 
your rig covers a larger or smaller sec¬ 
tion of the band, then with the MFJ- 
311 you can receive a corresponding¬ 
ly larger or smaller section of the VHF 
police and fire band. The frequencies 
between 154 and 158 MHz contain 
nearly all FCC allocated VHF police/ 
fire activity. 

You have direct frequency readout 
from your rig. If your rig indicates 
that you are receiving 145.55 MHz, 
just turn the converter on and you are 
receiving 155.55 MHz. A push-button 
switch turns the MFJ-311 on and off. 
In the off position, the converter is 
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2300 


MHZ MICROWAVE 
DOWNCONVERTERS 


DOWNCONVERTERS 


ASSEMBLED 

2300 MHZ PREAMPS 

PREAMP it 1 


ASSEMBLED . 48=“ 

SUPER AMP (Commercial Quality) 

KIT . 48“ 

ASSEMBLED. 68 “ 

POWER SUPPLY KIT>. 19 50 

All kits include P C. board, parts, and detailed 


SLOTTED ARRAY ANTENNA 


ALSO AVAILABLE: COMMERCIAL SYSTEMS, 

BOGNER ANTENNAS, PARABOLIC ANTENNAS, 
MICROWAVE PARTS AND SATELLITE T.V. KITS 


P.B. Radio Service 

1 950 E. Park Row • Arlington, TX 7601 O 


Call Order Dept. Toil Free VISA For Information Call 

1-800-433-5169 gtt 1-817-460-7071 



bypassed and you are ready to trans¬ 
mit (very low insertion SWR), If you 
forget and transmit with the convert¬ 
er on, it won't burn out (up to 25 
watts). 

Enjoy all the benefits of your rig, 
such as squelch, excellent sensitivity, 
selectivity, and stability. If your rig 
scans, then you can scan the police 
band. If your rig will search, then this 
will enable you to find new and excit¬ 
ing frequencies in the police/fire 
band. This new Police/Fire Explorer 
is small (only 3x4x1 inches) and 
has a mobile mounting bracket for in¬ 
stallation in your car. It is black and 
eggshell white, and operates on 9-18 
Vdc. The MFJ-311 retails for only 
$49.95. Contact MFJ Enterprises, 
P.O. Box 494, Mississippi State, Mis¬ 
sissippi 39762, 


NEW! 

GUNNPLEXER COOKBOOK 

See Page 104 


IEMAL ELECTRONICS 



■Write for FREE Catalog* 


Columbia Wire Coaxial Cable with 
PL-259 on each end. 

RG-8/U RG-58/U 


$19.95 100' $10.95 12' $ 3.25 

$15.95 75' $ 8.95 3’ $ 2.95 

$10.95 50' $ 6.95 1.5' $ 2.55 

$ 6.95 20' $ 3.95 

. $ 3.25 

Coaxial Cable With PL-259 on one end 
and Spade Lugs on the other end. 

RG-8/U RG-58/U 

20' $4.95 each 20' $2.95 each 


1 lo 3 cables Include S2.00 additional lor 
shipping, plus 35‘ for each additional cable. 



$5.95 plus $1.75 shipping 
TRUNK LIP ANTENNA MOUNT 

• Standard 3/8' thread. 

• Complete with 16'RG-58/U. 

• Preassembled with PL-259. 

• Quick disconnect connectors. 

• Hex Key included. 


VISA/MASTER CHARGE 
COD add SI 50 ■ Florida Ros. add 

NEMAL ELECTRONICS 

5685 SW 60th. Street Miami, FI. 33143 
Call (305) 661-5534 


diode selector guide 

Motorola announces its new, free 
RF Signal-Processing Diodes Selec¬ 
tor Guide. The six-page manual lists 
all Motorola tuning diodes for fre¬ 
quency control, plus hot-carrier 
diodes for mixing and detection, and 
PIN diodes for switching. 

Included in this handy reference 
are several useful design curves, 
package information, and reliability 
data. To order the RF Signal Process¬ 
ing Diodes Selector Guide, write to 
Motorola Semiconductor Group, 
P.O. Box 20912, Phoenix, Arizona 
85036. 

new Hamtronics® kits 

Hamtronics, Inc., has announced a 
new single-channel UHF fm exciter 
called the model T451. Patterned 
after the popular T450 exciter, the 
new unit is rated at 2 watts contin¬ 
uous output and is contained on a 3 
x 5'/ 2 inch PC board. It is designed 
for the 50, 144, and 220 MHz bands 
and may be modified for use on adja- 
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cent commercial and government 
bands. It is ideal for control links, re¬ 
peater service, telemetry, and other 
applications for which a small unit is 
required. A multichannel adapter is 
also available to extend operation up 
to five channels. 

Features include low-impedance 
dynamic mike and high level audio in¬ 
puts; crisp, clear modulation; low 
spurious output; pre-wound coils; ad¬ 
justable output level; and built-in test 
points for easy alignment. A commer¬ 
cial-grade frequency stability option 
is available. The price of the T451 is 
only $59.95. 

For further information, contact 
Hamtronics, Inc., 65F Maul Road, 
Hilton, New York 14468. 

lightning protection 

The new Zap Trapper, introduced 
by PolyPhaser Corporation, signifi¬ 
cantly outperforms previous lightning 
protection apparatus for communica- 
tionsantennas, cable, and equipment. 
The Zap Trapper impulse suppressor 
utilizes controlled atmospheric tech¬ 
nology to ensure a microsecond re¬ 
sponse to lightning impulses, plus 
multiple impulse suppression, which 
is especially critical for the protection 
of today's solid-state communica¬ 
tions equipment. Specifications, type 
N: bandwidth, 0.1 MHz to 1000 MHz; 
insertion loss, 0.1 dB maximum at 
1000 MHz; VSWR, 1.15:1 at 1000 
MHz; impedance, 50 ohms constant. 

For more information, contact 
PolyPhaser Corporation, 1500 West 
Wind Boulevard, Kissimmee, Florida 
32741. 

antenna tuner 

Designed to enhance reception 
throughout the 10-kHz through 30- 
MHz spectrum, this new shortwave/ 
longwave antenna tuner boasts the 
widest frequency coverage of any 
tuner on the market. 

The wideband tuner preselects de¬ 
sired signals while reducing or elimi¬ 
nating intermodulation, cross-modu- 



DIRECTION FINDERS 


If you're serious about direction 
finding, you want the best, most 
dependable and proven equip¬ 
ment for a fast find, whether it's 

peater jammer. 

If your needs are in the 100-300 
MHz range, think ol L-Tronics 
for ground, air, or marine DF. 

We also have equipment that gives 
dual capability, such as search & 
rescue/amateur radio, 146/220 
amateur, and air/marine SAR. 

Our units will DF on AM. FM. 
pulsed signals and random noise. 

The meter reads left-right in the 
DF mode for fast, accurate bear¬ 
ings, and left to right signal 
strength in the RECeive mode 
(120 dB total range with the sensitivity control). Its 3 dB antenna gain and .06 uV 
typical DF sensitivity allow the crystal-controlled unit to hear and positively track a 
weak signal at very long ranges. It has no 180° ambiguity. 

Over 3,000 of our units are in the field being used to save lives, catch jammers, find 
instrument packages, track vehicles. Prices start at under $250 for factory-built 
equipment backed by warranty, money-back guarantee, and factory service and 
assistance. Write today for a free brochure and price list. 

L-TRONICS (Attention Ham Dept.I 
5546 Cathedral Oaks Rd. 

Santa Barbara. CA 93111 



may 1981 ffl 107 




















ham 

radio 


magazine 

incorporating 



contents 

12 tune in on the world 

Bob Grove, WA4PYQ 

18 stable wideband 
sweep generator 

Harry Sievers, W7BAR 

22 DXer's diary 

Bob Locher, W9KNI 

28 simple, high-frequency 
mobile antenna matcher 

Woodrow Smith, W6BCX 

34 refinements to a mobile 
high-frequency antenna 

Frederick Hauff, W3NZ 

41 ham radio techniques 

Bill Orr, W6SAI 

46 stabilizing the 

DenTron 160XV transverter 

Peter Ferrand, WB2QLL 

48 ham radio readers'survey 

55 rf power meter 

Ralph H. Fowler, N6YC 

66 computer program for sorting 
and inventory of standard 
resistor values 

Phil Hughes, WA6SWR 

68 beam antenna mast lock 

Lefferts A. McClelland, W4KV 

98 advertisers index 4 observation and 
52 DX forecaster opinion 

79 flea market 10 presstop 

87 ham calendar 64 questions and 

96 ham mart answers 

72 ham notes 98 reader service 

6 letters 90 short circuits 

88 new products 46 weekender 



june 1981 SB 3 









Observation 
& Opinion 


Have you ever wondered how a magazine works? What makes it tick? I'm not talking about just 
any magazine — I'm talking about ham radio. When you remove the current issue of ham radio from 
your mailbox, you're looking at the culmination of many months of work by a lot of dedicated profes¬ 
sionals: editors, graphics specialists, typists, advertising people, circulation people, and many 
others. It's a team effort, and each member is an expert. Each is responsible in some way for the 
magazine that you've been waiting for. 

It seems to be a fact of life in the magazine business that the advertising and editorial people are 
extremely competitive. Traditionally, these two camps are at odds. The ad people want X number of 
ad pages, and the editorial types want Y pages of articles. As the publication deadline approaches, 
this dilemma can cause problems. The editorial people understand that ads pay the bills, and the ad 
people OrTderstand that, without good articles, the magazine won't work. At ham radio, a com¬ 
promise is struck using cooperation and teamwork. It works. 

We've reteived some complaints that ham radio has too much advertising. If you count the pages 
of ads in any of our issues, you'll find that we're giving you a 50-50 mix of ads to editorial content, 
regardless of the size of the issue. So if we have a larger magazine, yes there will be more ads, but 
there will also be more articles. 

These articles can't come-to you unless there's some way to pay the printing bill. Sure, you pay for 
a subscription, but that barely begins to cover the cost of putting ham radio together every month. 
We must pay for the articles, the editing, the typesetting, re-editing, paste-up, printer, and postage 
— not to mention all the overhead costs. 

So where does the bulk of the money come from? Advertising. Without advertising, there would 
be no magazine. ARRL would find itself totally incapable of giving you the membership services it 
now does without ads in QST. The National Geographic would probably be printed on newsprint 
with black and white photos. 

As I mentioned earlier, occasionally I find myself at odds with the gang down at advertising. 
Sometimes they want a special favor for one of their accounts. We editorial types try our best to 
accommodate the ad people. But sometimes there's something we don't like about an ad, or it's too 
late to break up that part of the magazine to fit the ad people's needs. In any event, we always 
manage to get the problem ironed out despite gnashed teeth and upset tempers. 

We must be doing something right. While most of the rest of the industry has either decreased the 
number of ad pages or maintained status quo, the combined ham radio/HORIZONS is running about 
20 percent ahead of last year in number of ad pages sold. This means that we are able to give you a 
better value for the dollars you spend for subscriptions. 

I felt that this little discussion was important, because some of your letters have indicated that 
there's something less than complete understanding in the relationship between you, the reader, and 
our advertising and editorial departments. 

Elsewhere in this issue you'll find a very important survey that we'd like you to fill out and return to 
us. I need it to find out what kind of job I'm doing as editor of ham radio. Advertising needs it for 
demographic studies and readership profiles. It's your chance to voice your opinion. Can we please 
hear from you? 

Alf Wilson, W6NIF 
Editor 
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80 -meter receiver 

Dear HR: 

I have received many calls of con¬ 
gratulations on the experimenter's 
80-meter receiver published in the 
February, 1981, issue of ham radio. 
Here are some suggestions from 
readers, and a correction. 

The change shown in the schemat¬ 
ic will give a sharper response and 
more gain. Experimenters have sug¬ 
gested that J.W. Miller part 12-C30, if 
properly connected, can replace the 
1726 transformer if the latter is not 
available. Note that pins 4-5 of the 
1726 transformer are connected to¬ 
gether to make a single-tuned circuit. 
Also note that the secondary pin 2 is 
connected directly to pin 1 of the 
40673, and a 22k resistor is placed 
across the coil to ground. 

The J.W. Miller coil 4515 men¬ 
tioned in the article (page 25) is now 
coil 4514 in their new catalog. 

One builder found he got better re¬ 
sults by shielding the i-f board; alter¬ 
natively, it can be mounted on alumi¬ 
num. The leads should be kept short 
to prevent broadcast-station pickup. 

The power supply (page 26 of the 
article) shows resistor symbols for the 
capacitors on each side of the LM340 
regulator. These obviously should be 
capacitor symbols. 

Ed Marriner, W6XM 
La Jolla, California 


electrolytic capacitors 

Dear HR: 

In reference to the article on capac¬ 
itance measurements by Hemmye, 
KP4DIF, on page 24 of the Septem¬ 
ber issue, I think this is a good tech¬ 
nique, and it is certainly cheaper than 
getting a meter to measure capaci¬ 
tance. However, it is most likely to be 
used on inexpensive surplus capaci¬ 
tors. Because those capacitors are 
often old and leaky electrically (that 
is, they allow too much dc to pass 
through), the technique should be 
modified. I suggest the following: 
first, connect a milliammeter in series 
with the capacitor under test and 
gradually increase the voltage across 
the capacitor to near the rated volt¬ 
age. A variac in the primary circuit, or 
potentiometer in the secondary, is 
handy for this. 

Remember that the capacitor 
"looks like" a dead short until it is 
charged, and without a way to in¬ 
crease the voltage slowly you are like¬ 
ly to damage the meter. After the 
capacitor is charged, you will see (if 
the capacitor is not shorted inside) 
that the leakage current will fall slow¬ 
ly. It will take from a few minutes to 
an hour for the current to stabilize; 
leakage current will take longer to 
stabilize the longer the capacitor has 
been without a charge on it. Electro¬ 
lytic capacitors last longer if they are 
used occasionally. 

After the current has become rea¬ 
sonably constant, you should do two 


things, particularly if the capacitor is 
surplus. First, figure out how much 
power is being dissipated in it. If it 
is much more than a watt or so, 
throw the capacitor away. Leaky 
electrolytic capacitors get hot and 
blow up — you haven't lived until you 
have cleaned up the mess they make 
when they go. Next, calculate the 
leakage or shunt resistance of the 
capacitor. For example, say you have 
300 volts across your capacitor and it 
is leaking 3 mA. This electrolytic 
looks like a perfect capacitor in paral¬ 
lel with 100 kilohms. If you're using 
KP4DIF's technique, it's important 
that the resistance you put in parallel 
with this capacitor be low in relation 
to this 100 kilohms or your results will 
be off. A good rule of thumb would 
be to have one tenth or less of the 
leakage resistance, the less the 
better, within the constraint of not 
having the RC combination discharge 
too fast. You can figure in the leak¬ 
age resistance if you want, but the 
matter is complicated by the fact that 
the leakage resistance is something 
of a function of the voltage across the 
capacitor. This is another good rea¬ 
son for the resistance you put in 
shunt with the cap to "swamp" the 
leakage resistance. 

Eugene W. May, Jr., WB8MKU 
Ann Arbor, Michigan 


Slow ASCII 

Dear HR: 

Since the long-heralded advent of 
ASCII on the Amateur bands, there 
has been a singular absence of its 
use. Therefore, now that the cheer¬ 
ing about FCC approval is over, may I 
suggest taking another look? 

With the sophistication of upper 
and lower case letters, numerous 
symbols and commands, one might 
have anticipated a wide-spread adop¬ 
tion of eight-level ASCII over the older 
five-level Baudot, which is naturally 
limited. But instead, the solid-state 
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segment of the RTTY community 
(which is increasing as older equip¬ 
ment is replaced) has been notably in¬ 
different, even dismissing ASCII as 
not suited for the high-frequency 
bands because of its theoretically 
greater information loss in QRN. Is it 
possible that this criticism, though 
reasonable, is misplaced, and the real 
reason is ASCII's lowest speed begins 
at 110 baud and is too fast for the 
"real world" of RTTY where hand¬ 
typing at 45 baud predominates and 
is evidently preferred? 

It would be unfortunate not to see 
this elegant code used as Baudot is 
now used, despite its origin in com¬ 
puter applications. Therefore, I pro¬ 
pose that speeds of 45, 50, and 56 
baud be added to those now available 
for ASCII in future RTTY gear and up¬ 
date mods. "Slow ASCII" can help 
keep Amateur Radio abreast of com¬ 
puter techniques. 

Albert F. Storz,W3FVC 
Pottstown, Pennsylvania 


computer rfi 

Dear HR: 

I, like many other radio and com¬ 
puter hobbyists, am having trouble 
with RFI from my TRS-80 computer. I 
have noticed, however, that when I 
have my computer turned on, my fif¬ 
teen-year-old Admiral table model 
a-m radio with tubes has good audio 
without any hint of RFI. Yet on the 
same table the noise level is quite 
high coming through a new Drake 
TR7 transceiver and a Bearcat scan¬ 
ner. The old tube radio plays away as 
if there were no problems. Do you 
think the old superheterodyne circuit¬ 
ry holds a solution to this perplexing 
problem? I would be interested in 
hearing from anyone else with this 
particular problem or possible solu¬ 
tions. 

John J. Watermeier, KA5HJI 
New Orleans, Louisiana 


Heath HW-2036 mods 

Dear HR: 

I read with interest the HW-2036 
modification article by Tom French, 
WA4BZP, (November, 1980, ham 
radio), but I felt that two things 
should be brought to your readers' at¬ 
tention. 

First, the Heath Company offers a 
modification for the older Micoder™, 
HD-1982 models, to convert them to 
crystal control. This is part number 
830-30 and can be ordered from our 
parts department for $8.95 plus 90 
cents postage. 

Second, and more noteworthy, we 
have serviced one HW-2036 with 
Tom's "2036-MB" board installed. 
This unit was returned for service be¬ 
cause the receiver seemed to drift er¬ 
ratically. In troubleshooting the unit, 
we noted a very high noise level on 
the VCO tune line at TP-401, which 
caused the condition. This noise was 
traced to the new encoder board. The 
receiver was stabilized by disconnect¬ 
ing the board's 5-volt line from the 
HW-2036 5-volt source. 

Since the replacement board was 
not a Heath product, we did not in¬ 
vestigate further. Readers consider¬ 
ing this modification should take this 
into account, as well as the Heath 
Company's service policy regarding 
modifications. Any problems en¬ 
countered with these modifications 
should be brought to my attention. 

E.A. Mosher, Service Supervisor 

Amateur Radio & R.C. Products 
Heath Company 

Benton Harbor, Michigan 49022 

novice roundup 

Dear HR: 

I just completed my third land I 
hope my last) Novice Roundup, and I 
would like to submit a couple of com¬ 
ments. I know that all of the Novices 
and Technicians who participated 
thank the higher-class hams who 
were there with us to give out that 


point or needed state or section. The 
DX stations were also there. FB to all 
from my QTH. 

Not so fine business to those with 
higher-class licenses taking a fre¬ 
quency and sending CQ NR, their 
call, and /G or /A or /E. The Gener¬ 
als and above have contests almost 
all year long; surely they get enough 
CQ sending practice in them. The 
Novice Roundup is our only contest 
and we need room. There are a multi¬ 
tude of us Novices and Techs who 
would be more than happy to make 
contact with Generals and above. But 
please, let the main participants have 
the air, and most of all, the enjoy¬ 
ment. Final comment: it sure would 
be nice if the Novices and Techs 
could have more than one contest a 
year. 

Rich Lawson, KA9AZY 
Bloomington, Illinois 


thanks 

Dear HR: 

Thank you very much for a very 
good radio magazine. 

Carl Amberg, SM0GPC 
Lidingo, Sweden 
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K2AHL'S RFI PROBLEMS , which he reported had resulted in a judge ordering him off the 
air and threatening his license, have now taken a somewhat different turn. On April 11, 
1978, on the advice of his attorney, K2AHL voluntarily signed an agreement that he'd 
eliminate all interference to his neighbor's equipment. This in effect gave the state 
jurisdiction over his operating (with respect to interference), even though the ARRL's 
legal packet—which he'd requested and received—makes the point that an FCC license 
pre-empts local control of transmissions. 

He Went Back On The Air after clean-up efforts only partially solved the RFI problems, 
so they took him "back to court on several occasions for violating his 1978 agreement. At 
the last December hearing the attorneys proposed quiet hours, but instead K2AHL made a 
new agreement to shut down completely since his father (who was attending for him) indi¬ 
cated he'd find it "demoralizing" to observe quiet hours. Later, however, he claimed 
that this new agreement had been made under duress. 

Under The Circumstances , the problems of the position he's put himself into cannot be 
resolved the way K2AHL now wishes, with or without the support of the Amateur community. 
It's certainly a classic example of how not to resolve an RFI complaint, and not one 
that should be considered to set any precedents. 

A RECALL PETITION FOR CENTRAL DIVISION Director Ed Metzger, W9PRN, was circulated at 
Dayton'Ey Amateurs representing the Indiana Radio Club Council. The group, principally 
from the Indianapolis area, is reported to be seeking the director's recall on the 
grounds that the League's failure to count the Central Division ballots for director in 
last fall's election deprived them of their votes. After former director W9NTP resigned 
late in that hard-fought campaign, W9PRN was declared the only eligible candidate and 
thus elected without ballot. 

No Complaints About W9PRN's performance or competence are cited in the recall petition, 
which simply asks the League to "hold, as soon as is practical, a recall election to deter¬ 
mine whether or not the current director... shall be recalled.” The petition's supporters 
seemed principally concerned with the election process, claiming that W9NTP's resignation 
had been made "under duress." 

A NEW BILL S TR ONGLY SUPPORTING Amateur Radio was introduced in the U.S. Senate on 
WednesTTay’, April - 8, by Sen. Barry Goldwater, K7UGA. The bill, S 929, would provide for 
point-of-sale control of transmitting equipment, extend the term of an Amateur license 
to 10 years, and—like the old Vanik bill—give the FCC authority to set RFI standards 
for receiving equipment. 

Volunteer Aid From Amateurs could be sought by the FCC for both exam giving and en¬ 
forcement , ~alTTiaTTlieen - proposed in Rep. Dannemeyer's HR 2203, along with lifting of the 
secrecy provision of Section 605 of the Communications Act. 

Sen. Goldwater Is Now Chairman of the communications subcommittee of the Senate 
Commerce Committee, and most of the members of the subcommittee joined him in co-spon¬ 
soring S 929. 

30T H AN NIVERSARY DAYTON HAMVENTION drew over 20,000 the last weekend in April, with 
18.5 exhibitors and a filled 1500-space flea market. Business was excellent both inside 
and outside throughout the long weekend. Some 1400 attended Saturday night's banquet 
honoring the Amateur of the Year, W9CI, and Specific Achievement Award winners WA6ITF 
and KH6IAF. W8WY won the complete TS-130S station door prize. Winner of the Drake 
"7-Line" complete station Hamvention door prize was YL N8AIM; runner-up W9CJW took home 
a TR-9000, and N8BLX a J.W. Miller AT-2050 automatic antenna tuner. K3KE and Ham Radio's 
W6NIF shared top honors in the CW competition at 40 WPM plus, while W8AU managed 18 WPM 
solid copy through QRM. 

A 40-METER BROADCASTER operating from southern Florida, shut down twice by the FCC, 
went free recently after U.S. Attorney Atlee W. Wampler III requested the. charges be 
dropped. Jose Gonzoles had freely admitted his regular anti-Castro broadcasts on 40 
with a kilowatt, but despite that illegal operation and considerable FCC enforcement 
effort, he avoided trial. It now seems likely that other Florida illegal broadcasters, 
some also using the Amateur bands, will continue operating. 

MENTAL INCOMPETENCE IS GROUNDS for a license denial, FCC's Chief Administrative Law 
JudgeLenore Ehrig has ruled in a review of K6E0A's case. K6E0A is the Los Angeles Ama¬ 
teur who was arrested and jailed after threating the lives of two FCC engineers who 
attempted to inspect his station during a jamming investigation in 1979. Federal charges 
were later dropped after he was judged mentally incompetent, and he later pled guilty to 
state charges resulting from the incident. 

This Latest Decision came during a hearing on K6E0A's license. The judge also ruled 
that an applicant for an Amateur license does agree to abide by applicable regulations, 
including those that concern prohibited communications. 
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tune in on the world 


Tips to get you started in 
shortwave listening 



Shortwave and scanner receivers adorn the listening 
post of Bill Rutherford. Bardstown. Kentucky. 


Most of us can remember our first exposure to 
shortwave radio. It might have been at the invitation 
of a local Amateur Radio operator. Perhaps a gift of a 
receiver opened our eyes to the hobby. Or did a 
shortwave listening (SWL) hobbyist let you hear 
things that fertilized your imagination? 

Just a few short years ago simple shortwave 
receivers abounded; tube-operated sets tuned in on 
Radio Moscow, the BBC, and other shortwave 
broadcasters worldwide. But with the radio bands 
more congested now, simple radios are no longer 
capable of .discriminating among the multitude of 
signals packed together throughout that busy por¬ 
tion of the electromagnetic spectrum. 

the market changes 

By the close of the 1960s, venerable names like 
Hallicrafters, National, Hammarlund, RME, Gonset, 
and others had disappeared from the shortwave 
receiver marketplace. A new hobby, CB radio, had 
begun to emerge as the nation's new gadgetry 
obsession. By the mid 1970s, good shortwave 
receivers at a reasonable price were unavailable. A 
few off-shore brands were on discount house shelves 
as portables, but not worthy of attention. Serious 
hobbyists were forced to shop around for military 
and commerical surplus. Tube-type receivers such as 
the R-388, R-390, and other salvageable radios 
became prime items. 


And then an unexpected series of CB spinoffs 
shaped the destiny of consumer radios. Innovative 
technology, which developed competitive, low-cost 
CB transceivers, went to work for the shortwave 
hobbyist. Large-scale integration of complex circuit¬ 
ry into tiny chips of silicon greatly cut costs while in¬ 
creasing dependability and performance. Frequency 
synthesis and phase-locked-loop oscillator circuitry 
proved to have enormous potential in general cover¬ 
age receivers for the shortwave spectrum. A South 
African firm produced the Barlow-Wadley portable, 
an outstanding shortwave receiver featuring the 
Wadley loop. Other manufacturers followed the 
trend. 

The market is burgeoning with merchandise of 
outstanding quality at reasonable prices, prices far 
lower than equivalent performance would have cost 
just a few short years ago. Inexpensive beginners' 
radios are also plentiful for less critical listening. 

what should I look for? 

Along with the wide selection of modern receivers 
comes the bewilderment of trying to make the right 
decision. Which radio will suit my needs? Are there 
any real lemons? Does price dictate the quality? How 
can I be sure to pick the right radio? 

Fortunately, there is considerable variety in both 
quality and price. Unfortunately, price does not 
always dictate quality! Let's take a close look at some 
of the characteristics that must be considered in 
making a choice. 

selectivity 

Unquestionably, the ability to discriminate among 
closely packed stations for single-signal reception is a 
prime requirement (fig. 1). Good receivers will have a 
switchable option — “selectable selectivity," if you 
will — to choose the degree of selectivity required for 
different listening challenges. Musical programs with 
little adjacent interference may justify wide selectivi¬ 
ty, while Morse code and single-sideband voice 
reception in the crowded ham bands will require the 
use of sharp or narrow selectivity. 

By Bob Grove, WA4PYQ, Route 1, Box 240, 
Brasstown, North Carolina 28902 
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sensitivity 

There is little real difference among most modern 
receivers in their ability to detect weak signals, 
although a high noise figure can reduce apparent 
sensitivity. It's what the receivers do with the signals 
after they hear them that separates the wheat from 
the chaff! The day of the 500-foot antenna is gone; 
modern shortwave receivers work fine with wire 
antennas anywhere from 25 to 100 feet in length, so 
long as they are high, free of metallic obstructions, 
and away from electrically noisy power lines. 



stability 

The ability of a receiver to remain on the frequency 
to which it is tuned is important when listening to 
amplitude-modulated signals; it is vital when listen¬ 
ing to CW (Morse code) or SSB (single-sideband 
voice). 

Stability comes in two varieties: thermal and 
mechanical. Thermal stability refers to the behavior 
of electronic components as they change tempera¬ 
ture. If frequency-determining components change 
value as they change temperature, they have the 
annoying effect of shifting the received frequency. 

To check a receiver for thermal drift, turn it on and 
tune in a shortwave broadcast station with the beat- 
frequency oscillator (BFO) on so that a low-pitched 
tone is heard. If the tone slowly changes pitch, the 
receiver suffers from thermal instability. A good 
receiver will settle down in a couple of minutes, but 
some receivers will drift continuously. Such receivers 
are virtually worthless for CW, SSB, or radioteletype 
(RTTY) reception. 

Mechanical stability is a measure of the sturdiness 
of construction. As in the previous test, tune in a sta¬ 
tion with the BFO turned on. A modest rap on the 
side of the cabinet will betray the presence of 
mechanical instability by causing the note to warble 
or shift suddenly. 


Another sign of mechanical instability is displayed 
as dial backlash; if there seems to be play in the dial 
when tuning in a station, backlash is present, making 
precise dial settings difficult. 

frequency range 

Most general-coverage receivers tune continuous¬ 
ly from the standard broadcast band (0.54-1.6 MHz) 
through 30 MHz; some start even lower in frequency 
to include the European 1600-400 kHz broadcast 
band. A few begin at radio's basement: 10 kHz! 

Years ago, many general-coverage receivers of¬ 
fered considerable frequency range, often ascending 
far above 30 MHz. Such receivers compromised per¬ 
formance for frequency coverage. 

Ham-band-only receivers, which cover spaced-fre- 
quency segments (3.5-4.0, 7.0-7.3 MHz, etc.) omit 
the majority of the shortwave spectrum. While these 
receivers are of good quality, they restrict listening to 
Amateur communications only. 

spurious response 

Strong signals have an annoying habit of being 
heard at more than one place on the dial. Some of 
these phantom signals result from the inability of 
receivers to suppress unwanted signals of formidable 
strength. A good test of spurious response may be 
made by tuning the receiver slowly through an 
extremely active band of frequencies, listening for 
whistles to change pitch while you tune without the 
BFO turned on. 

frequency readout 

The close spacing of signals throughout the short¬ 
wave band demands accurate frequency readout. It 
is often futile to look for a station even when you 
know its frequency if your dial reading is inaccurate. 
Similarly, if you happen to stumble across an intrigu¬ 
ing transmission which doesn't identify itself, there is 
no way to nail it down without knowing what fre¬ 
quency it's on. 

Frequency displays may be analog (the continuous 
frequency spread is printed on a scale through which 
a pointer gradually moves) or digital (only the numer¬ 
ical characters that indicate the present setting of the 
receiver frequency are displayed.) Digital frequency 
readout is clearly the winner, taking over printed dials 
in all but the least expensive radios, 

where to buy? 

Many prominent manufacturers advertise their 
consumer-grade communications receivers in hobby 
magazines such as ham radio. Most Amateur Radio 
retail stores stock general-coverage receivers for 
shortwave listeners. 
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table 1. Typical shortwave block assignments in 
North America (partial list). 


frequency 

(kHz) class of service 

3500-4000 Amateur 
4000-4063 fixed 
4063-4438 maritime/mobile 

4438-4650 fixed, aero mobile 

4650-4750 aero mobile 

4750-4850 fixed 
4850-5000 fixed/mobile 
5000-5250 fixed 
5250-5450 fixed/mobile 
5450-5730 aero mobile 
5730-5950 fixed 

5950-6200 international broadcasting 


table 2. International broad¬ 
casting frequency bands. 


frequency 

(kHz) 

2,300- 2,500 
3,200- 3,400 
3,900- 4,000 
4,750- 5,060 
5,950- 6,200 
7,100- 7,300 
9,500- 9,775 

11.700- 11,975 
15,100-15,450 

17.700- 17,900 
21,450-21,750 
25,600-26,100 


meter band 
120 
90 
75 
60 

41 

31 

25 

19 

16 

13 


table 3. The most intriguing portions of the 
shortwave spectrum. 

frequency (kHz) 

4,750- 5,300 

5.300- 5,950 
6,500- 7,000 

7.300- 8,000 
8,800- 9,100 

11.100- 11,700 

13.100- 14,000 

14.400- 15,100 

17.400- 18,100 


listening in — 

"Utes" or broadcasters? 

Most shortwave devotees classify their listening 
thrusts into two categories: utilities (two-way com¬ 
munications such as military, ship-to-shore) and 
broadcasters (Radio Peking, Voice of the Andes). 
While many enthusiasts share their listening time 
between the services, most eventually find one of the 
facets of listening of greater personal interest and 
challenge. 

the delicate art 
of listening 

Spinning the receiver dial through its tuning range 
is like shooting at ducks in a fog; a good hit is pure 
luck! Successful listeners employ one or more tricks 
to guarantee results. First, it is a good idea to know 
what the frequency allocations are. Table 1 gives a 
sample of how assignments are made in North Amer¬ 
ica. Note that assignments are not based on the iden¬ 
tities of users, but on their class of operation (fixed, 
mobile, maritime). A more detailed chart is published 
in the Federal Frequency Directory (see publications 
elsewhere in this article.) 

Another trick of the trade is knowing when to 
listen. Shortwave signals propagate (travel) over vast 
distances, and just because it is 2 PM in your home 
town doesn't mean that daily activities are bustling in 
Tokyo! A world time chart can give you an edge for 
some types of listening. 

Our sun plays a vital role in propagation of radio 
waves. Its intense radiation has profound effects on 
reflection and absorption of radio waves in our atmos¬ 
phere. At night, listen to frequencies below 12 MHz, 
while during the daylight hours, signals above 8 MHz 
will be favored. Frequencies between 8 and 12 MHz 
are usually good around the clock, 

international broadcasting 

One of the major thrusts for propaganda by any 
nation is its radio contact with the world. Thousands 
of transmissions are beamed daily from virtually 
every point on the globe to every other point. Pro- 
American, anti-American, pro-Communist, anti¬ 
communist — it's all there and makes for some fasci¬ 
nating listening. Table 2 shows the target areas to 
tune your receiver for these broadcasts. However, 
not all countries subscribe to this fixed band plan. 
You are likely to intercept broadcasting stations 
throughout the shortwave spectrum; broadcasters 
occasionally choose to go on their own without inter¬ 
national cooperation regarding treaty matters con¬ 
cerning frequencies and schedules. 
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table 4. Listening intrigue (all frequencies in kilohertz). 

radioteletype 

14.160 

Atlantic fleet 

6,697; 8,972 

Guantanamo Bay telephone 

10,222.5 

war games 

Air Force 

9,259 

Mac Gill AFB 

5,683; 8,993 

11,246 

SAC 

6,761; 9,027 

11,243;13,241 

TAC 

8,964 

MAC 

11,182 

hurricane hunters 

5,683; 8,993 

11,232 

Andrews AFB 

13,247 

Cape Kennedy 

10,780; 20,390 

NORAD 

14,894 

MARS 

4,580; 4,885 

7,324; 7,540 

13,977 

CAP 

4,467.5 

4,585; 7,635 

"Spy" Numbers Stations 

3,060; 3,090 

5,812; 6,772 

8,418 

Travelers Info Service 

530; 1,610 

Canadian Air Force 

Coast Guard 

11,233 

ship-to-shore 

5,680; 5,696 

11.201 

emergency (CW) 

500 

AMVER 

Embassies 

State Dept. CW marker 

6,506.4; 8,765 

13,113 

(KKN50) 

6,925; 23,975 

worldwide pool 

South/Central America 

10,640; 13,626 

14,355 

(military attaches! 

Aeronautical 

7,430; 13,950 

FAA regional net 

7,475 

VOLMET 

3,001; 5,652 

8,868; 13,272 

ARINC 

13,320; 13,328 

13,356; 17,941 

Russian Aeroflot 

Maritime 

11,312; 17,936 

simplex 

4,125;4,143.6 

6,218.6:6,221.6 

8,790 

calling/emergency 

2,182 

Great Lakes 

6,516 

inland waterways 

6,519; 6,522 

Petroleum Network 

4,634.5; 4,637.5 

Smugglers 

7,400-7,500 

14,400-14,500 

Pirate Broadcasters 

Clandestine Broadcasters 

6,235-6,280 

7,325-7,370 

Radio Free Grenada 

15,045 

anti-Castro 

7,030-7,090 


the hot spots 

Intrigue permeates the shortwave bands. Smug¬ 
glers, spies, undercover communications, tactical 
military operations and other activities never cease to 
pique the imaginations of hobby listeners. 

Where are such transmissions to be found? Virtu¬ 
ally anywhere. But before dismissing such catches as 
unpredictable, let's do a little planning. First, low- 
power communications cannot compete with high- 
power broadcasters, so that eliminates some fre¬ 
quency ranges. Second, time of day dictates the 
most likely portion of the spectrum to be in use, with 
the lower frequencies primarily in use at night. 

Experience has shown a few key segments of the 
high-frequency spectrum to be favored for two-way 
communications by the most interesting targets of 
the "utilities DXers," those relentless hobbyists who 
pursue things that they are not supposed to hear. For 
a close look at those more productive hunting 
grounds, consult table 3. 

try this sampling 

Most of us enjoy the cookbook approach to listen¬ 
ing: look up a listing in a frequency directory and dial 
it up. Some of the more interesting stations can be 
tuned in by this straightforward approach. Let's take 
a look at a few listings (table 4). Most transmissions 
are SSB. Perhaps something here may capture your 
interest! 

listeners' clubs 

A number of clubs exist for the pleasure of serious 
shortwave hobbyists. For information about these 
clubs, enclose a self-addressed envelope along with 
your request to: ANARC (Association of North Amer¬ 
ican Radio Clubs), 409 Laconia Lane, Schaumburg, 
Illinois 60193. 

publications 

Several outstanding publications are available to 
assist the SWL enthusiast. Among them are: Federal 
Frequency Directory, Communications Monitoring, 
Radio Communications Guide, World Radio TV 
Handbook, Confidential Frequency List, and the 
Sounds of Shortwave cassette.* 

a final word 

Listening in is an American privilege. Perhaps no¬ 
where else in the world are laws regarding the inter¬ 
ception of private correspondence so lenient. But 
there are regulations, and listeners should be appris¬ 
ed of their obligations. 


'Available from Ham Radio's Bookstore, Greenville, New Hampshire 03048 
or Grove Enterprises, Incorporated, Brasstown, North Carolina 28902. An 
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Section 605 of the 1934 Communications Act spe¬ 
cifically prohibits the divulgence to another person 
the nature of a communication which you heard that 
was not directed toward you. Nor are you allowed to 
make use of that information for your own gain. The 
act is enforced by the FBI. Hobby radio listening is 
educational recreation; but only the information 
transmitted by broadcasting stations is intended to 
be repeated. 

The hobby of shortwave listening is at a level 
greater than ever before in history, and its ranks are 
growing. Tune in on the action. There's a world of 
listening out there! 
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A useful instrument 
for testing 
multipole filters 


stable wideband 

sweep generator 


Several articles have appeared recently in the 
Amateur literature describing crystal ladder filters. 
I've been interested in selective filters for many 
years, and after reading an article by G3JIR, 1 1 decided 
to try building a ladder filter. 

It soon became apparent that it would be difficult 
to adjust a multipole filter (I had chosen an eight-pole 



Front panel of author's homebrew sweep generator. 


filter) without a sweep generator and oscilloscope to 
produce a pattern of the filter's passband. 

I didn't have a sweep generator, so I decided to 
build one. After trying the RC oscillator circuit sug¬ 
gested by K6DYX, 2 I was convinced that a more 
stable oscillator was needed when working with a 
highly selective filter in the 9-10 MHz range. The cir¬ 
cuit I chose uses frequency conversion, thereby mak¬ 
ing it possible to set up any frequency from 10 kHz to 
about 150 MHz. By subtracting the two oscillator fre¬ 
quencies (sweep oscillator and crystal oscillator), it's 
possible to produce a frequency-modulated signal as 
low as 10 kHz. By adding the two frequencies, usable 
signals can be produced well into the VHF ranges. 

typical test setup 

The sawtooth generator (fig. 1) provides a linear 
sweep signal to the sweep oscillator as well as a ramp 
for the oscilloscope. The frequency-modulated signal 
from the sweep oscillator is mixed with the crystal- 
oscillator signal in the balanced modulator to provide 
an amplified signal to the filter under test. (The filter 


By Harry Sievers, W7BAR, 2725 North Five- 
Mile Road, SP100, Boise, Idaho 83704 
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should be terminated with the proper impedances 
while the alignment is being made.) 

I used modular construction on homemade PC 
boards. Most of the construction is not very critical, 
but special attention should be paid to keep the 
sweep oscillator as stable as possible and to keep 
leads short if VH F operation is intended. 

the circuit 

Fig. 2 is a schematic diagram of the wideband 
sweep generator. The circuits are mounted on indi¬ 
vidual PC boards (indicated by dashed lines). Opera¬ 
tion of the essential circuits is as follows. 

Sawtooth generator. R3 controls bias to Q1, 
which, in conjunction with C2, sets the sweep fre¬ 
quency at about 30 Hz. Q1 drives 02, which in turn 
drives the noninverting input of the 741 op amp. The 
dc voltage at the output of the 741 is balanced by R2. 
Sweep oscillator. The sweep oscillator is a 
grounded-drain Hartley circuit. It drives Q4, a source 
follower, which is direct-coupled to Q5. The output 
from Q5 is fed to one input port of the double-bal¬ 
anced mixer. The slug in LI tunes the oscillator over 
about a 1-MHz range (4.5-5.5 MHz), and Cl provides 
fine tuning of about 10 kHz to provide easy adjust¬ 
ment of the center frequency. The signal from the 
sawtooth generator is applied to tuning diode CR1 to 
frequency modulate the sweep oscillator. 

Crystal oscillator. This is a Pierce oscillator, which 
allows a wide selection of oscillator frequencies for 
various output-frequency requirements. It is buffered 



by Q7 and Q8, and the output is fed to the balanced 
mixer to be mixed with the output of the sweep 
generator. 



Rear view of panel showing construction of the sweep 
generator. Upper left is the sweep-width control; 
center, center-frequency control; right, sweep-fre¬ 
quency control. At lower left is the signal-output con¬ 
trol; center, dc-balance control, and lower right is the 
sweep-output control. Power supply and crystal oscil¬ 
lator are mounted on the bottom circuit board. 



Under-chassis view showing the power supply (left) 
and crystal oscillator. 



Oscillogram showing the passband of an eight-pola 
filter. 
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Broadband amplifier . The output of the balanced 
mixer is amplified by Q9 to a level of about 2 volts. 
This voltage is more than adequate for checking fil¬ 
ters or aligning receivers and will usually be enough 
to allow using an oscilloscope of lower sensitivity. 

A diode demodulator (fig. 3) converts the rf signal 
from the filter to dc, thereby eliminating the need for 
a high-frequency oscilloscope. 

During adjustment of a filter, I recommend that the 
sweep width be reduced as far as possible while still 
allowing you to see the ripple on the nose of the pat¬ 
tern. This makes it much easier to note changes as 
adjustments are made. 



measurements 

Measuring the bandwidth and the nose ripple of a 
filter can be made by plotting the passband 
response. To do this, connect the output of the 
diode demodulator to a low-scale VTVM and reduce 
the sweep width to zero. Connect a frequency coun¬ 
ter to the output of the signal generator. Slowly tune 
the generator through the passband of the filter and 
note the meter reading and the frequency as indicat¬ 
ed on the counter. By plotting meter readings versus 
frequency a pattern of the filter passband will be pro¬ 
duced. Following are the characteristics of a filter I 
recently constructed from surplus CB crystals: 

center frequency 9.565 MHz 

6-dB bandwidth 2.3 kHz 

60-dB bandwidth 3.9 kHz 

80-dB bandwidth 4.7 kHz 

nose ripple 1.5 dB 

insertion loss 10 dB 
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It's been a beautiful June day, one But I'm glad I did, even if I'll pay with morning in those parts. But those sta- 
of those rare jewels that only late May sore muscles tomorrow. I flip the tions tend to stay on 20 meters, 

and early June can deliver to the Mid- master safety switch on, and settle rather than an IS, and I want to try 15 

west. Seventy degrees, dry with low the headphones over my head as the for a while tonight. Still, it's a 

humidity, a gentle breeze, altogether receiver comes to life. thought; some of them may well be 

a perfect day. Let's see here, it's 0130 Zulu, 8:30 on the band. 

Thoughts of any kind of useful PM Central Daylight Time. Fifteen I could point east into Africa. At 

work were cast aside early, like those ought to be in pretty decent shape. I this time of year, central and 

of the Mole about doing his spring flip the bandswitch, and start tuning southern Africa ought to be a lead¬ 
cleaning in The Wind in the Willows. the dial. Yes, there are lots of signals. pipe cinch for propagation on 15 at 

A Saturday like this just can't be That's fine; the band is obviously this time of day. But equally, it's too 

wasted, and I didn't. pretty wide open. early, and they are most likely all in 

A long bicycle ride in the country. What direction shall I point my bed, even though conditions are fine, 

hamburgers charcoaled on the grill; a antenna? The band could still be open Still, the path into the Indian Ocean 

perfect day. Now it's time for a look to Europe, but so what if it is? I have may be open, and it's morning there, 

around the bands. The high-pressure everything in Europe except Albania I could point the antenna south¬ 
cell sprawled across the Midwest cer- and Mount Athos, and I'm sure not south east, good for Central and 

tainly will keep thunderstorms away; likely to hear one of them. Besides, South America and Antarctic conti- 

the bands should be relatively quiet they'll all be in bed. nent. I don't need anything on the 

and free of QRN. If conditions are good, the band is South American continent, but sure 

I ease into the operating chair with probably open over the polar regions, could use both the South Orkney 


a bit of a wince; perhaps I did overdo with deep Asian Soviet, Indian, and Islands and the South Sandwich 
it for the first long ride of the season. Sri Lanka stations possible. It's Islands. The path should be wide 




open, and it's not too late for them to 
be up. It's definitely a possibility. 

I could go southwest, across the 
fabled isles of the South Pacific, and 
on into Australia and New Zealand. 
Visions of swaying palm trees and 
pounding surf on coral reefs cross my 
mind; but heck, it can't be any nicer 
anywhere than it was here today. It's 
mostly afternoon across that path, 
Saturday afternoon east of the date 
line, Sunday west of the line. Either 
way, a weekend with good chances 
of activity from stations in that area. I 
wonder if VK9NV works 15? 

There's always the northwest bear¬ 
ing, to Japan, Guam, the North 
Pacific and Southeast Asia. I could 
certainly use a couple of those 
places, but there are two chances of 
snagging one of them — slim and 
none. Like Cambodia, Burma, or 
Laos. 

Anyhow, I decide on my plan of 
action. I'll start looking north, across 
the transpolar paths. I'll have a good 
look around, then turn the antenna 
east-northeast to bisect the great- 
circle path between Europe and most 
of Africa. Then, after another good 
snoop around, I'll rotate the antenna 
into the southeast, and have a look 
for those Antarctic islands. 

If I fail to find anything of interest 
there, we'll try that shot across the 
wide Pacific, aiming west-southwest. 
And if that path is really good, we 
might get a long path peak into the 
Middle East and Northwest Africa. 
When I've milked that path dry, we'll 
haul round to the northwest, and 
have a look at the Orient and South¬ 
east Asia. Then, I'll back the antenna 
round to north, and start all over 
again. 

I move the receiver dial to 21,000 
kHz and begin tuning up the band, 
with the antenna due north. The 
band is definitely quieter with the 
antenna north, but that certainly 
doesn't mean it's dead. I hear a lot of 
signals, most of them pretty weak. I 
listen to call signs; they're from all 
over. There's a GM, Aberdeen, Scot¬ 
land. And there's an OH, a Finn. OK, 
not all Europeans are in bed. And of 


course, it's the weekend for them, 
too. I keep tuning. 

There's a signal with just a touch of 
chirp; nice fist, "CQ CQ DE AP2BQ 
AP2BQ AR." I pick up my 2-meter 
mike, and call it in on our DX chan¬ 
nel, "AP2BQ, that's Alpha Poppa 
Two Bravo Quebec, twenty one oh 
one nine, twenty one oh one nine, 
from W9KNI." I wait a moment. No 
one asks for a repeat, so I begin tun¬ 
ing again. Pakistan is always an inter¬ 
esting catch, but I have it, so I keep 
on tuning. 

Hmmm. The band is full of signals. 
There's a JA — pretty decent signal, 
too, considering that the antenna 
isn't on him. There's a raspy signal 
calling CQ. OK, it's UL7BDG. Gosh, 
the band seems to be as nice as the 
weather is. 

I continue tuning higher up the 
band, getting a feel for it, tasting its 
flavor. Even with my antenna north, I 
hear a lot of stations from other parts 
of the world that come in on other 
bearings. What's that — a loud sta¬ 
tion with lots of backscatter, obvious¬ 
ly a W or a VE, calling VP8AI. I grab 
my note card on VP8s — there's 
VP8AI listed. Faulkland Islands. OK, I 
don't need that one. 

I keep a note card on the Antarctic 
stations because their prefixes are not 
clear indicators of their DXCC coun¬ 
try status. For example, a VP8 could 
be Antarctica, the Faulkland Islands, 
the South Shetlands, South Georgia, 
the South Orkneys, or the South 


Sandwich Islands. Since I need sev¬ 
eral of these, I always listen to VP8 
call signs, and I keep a list made up of 
who is known to be where. Knowing 
that VP8AI is in the Faulklands saves 
wear and tear on the finals, not to 
mention the operator. 

The other Antarctic area prefixes 
are easier that the VP8s. The Argen¬ 
tines have their own system. If the 
first letter after the number is a Z, the 
station is Antarctic. The second let¬ 
ter, the letter after the Z, will tell you 
which island. Hence, LUIZA is South 
Orkneys; the Z for Antarctica, the A 
for South Orkneys. LU3ZY is the rare 
South-Sandwich station, while 
LU4ZS is South Shetland. LU3ZC is 
Antarctica. 

The Antarctic Russian stations all 
have 4K1 prefixes and all are on the 
relatively common Antarctic conti¬ 
nent, except for one station, 4K1F, 
who is in the South Shetlands. 

The Chileans use CE9 for Antarctic 
stations, with CE9AA to CE9AM call 
signs used by stations on the Antarc¬ 
tic continent, and stations on the 
South Shetlands using CE9AN 
through CE9AZ calls — not that there 
are that many calls issued and in use. 

I must keep all this in mind, know¬ 
ing that we have propagation into 
that part of the world. VP8AI won't 
do me any good, but maybe on the 
next kHz... 

But my antenna is still north, and 
I'm wool gathering entirely too much. 
It's deep Asia we're looking for on 
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this pass. I keep tuning the receiver. 

There's a signal with the marks of a 
long propagation path to it. He's call¬ 
ing CQ. Let's see who it is. OK, it's 
UH8HGB. I've worked four or five, 
but I still don't have a QSL, so I'd bet¬ 
ter give him a call. He’s strong 
enough; maybe I can do this one 
barefoot, without turning on the 
linear. He signs, and I call, "UH8HGB 
UH8HGB DE W9KNI W9KNI W9KNI 
AR." I use the longish call, because 
from the sound of his fist he may well 
be a rather new operator. Ah, he 
comes right back... 

He keeps the contact brief, and 
that's fine with me. He definitely ap¬ 
pears to be a new operator; that's to 
my advantage, as he's more likely to 
QSL. We sign clear, and I start my 
tuning-up-the-band bit again. 

There's a signal: "1RT AR," with 
the marks of another Asian signal im¬ 
pressed from the transpolar path. 
Hey! Could it be? Naw, not a chance. 
Still, it could be. Naw, he's never 
been reported on 15. Hey, what the 
heck! No one's calling him, give a 
call. Naw, it's a waste of time. Oh go 
ahead, you have nothing to lose. 
What the heck, see if! care. 

Having settled my internal debate, I 
bring the VFO up, and try to zero the 
frequency where I heard the tail end 
of that station. 

"1RT? 1RT? DE W9KNI W9KNI AR 
K." 

"W9KNI W9KNI DE A51RT A51RT 
GMOM ES TNX CALI_" 


I'm in shock. My heart instantly 
switches into high gear. My hand 
trembles. I feel like my first oil well 
came in as an exploding gusher. It's 
BHUTAN! Exotic fastness of the High 
Himalaya, the land of the Dragon, the 
land of the Druk, rarest of the 
rare..."NAME HR RANDHU RAN- 
DHU HW COPY? W9KNI DE A51RT 
KN." 

My fingers feel like a funny combi¬ 
nation of lead and rubber, but my 
trusty Bencher paddle picks up, "R 
A51RT DE W9KNI R TNX RANDHU 
FOR QSO ES VY PSED QSO RST569 
569 QTH HR CHICAGO CHICAGO 
ES NAME BOB BOB PSE UR QSL 
FOR NEW COUNTRY HW CPY 
A51RT DEW9KNIARKN." 

"R W9KNI DE A51RT FB BOB ES 
TNXRPT FM CHICAGO..." 

I pick up my 2-meter microphone, 
"Hey, I got a good one. It's A51RT, 
Bhutan, that's A51RT, twenty one oh 
sixty seven. Alpha Five One Radio 
Tango, twenty one oh sixty seven. 
I'm in QSO, from W9KNI." 

"...QSL SURE 73 ES GOOD DX 
FROM THIMPU BOB W9KNI DE 
A51RTSK." 

"R FB RANDHU BEST 73 ES TNX 
QSL SURE A51RT DE W9KNI SK 
EE." 

I sit there in shock. I can breathe 
now. There are about a dozen sta¬ 
tions calling him. From the sound of it 
they are mostly locals alerted by my 
2-meter call. Got to get the log 
straight. 


I look at my calendar watch; OK it's 
the 6th. But GMT date would be the 
7th, because it's past midnight in 
Zulu time. I already had the time in 
the log — 0206 Zulu. I write in the 
date: A51RT, 21 MHz, 569 X 579, 150 
watts. 

Hah! That's right, I worked him 
barefoot. Had I known that he was 
going to be there, I certainly would 
have had the linear on and running. I 
never run the linear until I need it. 
New finals cost too much to be idly 
wasting filament time. Besides, my 3- 
500Z can be fully operational from a 
co Id start in under 10 seconds flat. 
But I never needed it for this one. 

Bhutan! The number of hours I've 
spent looking for him on 20 meters. 
Then I nearly break my leg tripping 
over him on 15. Ah well, as they say, 
it's not how you get them but how 
many you get. But you've got to 
know that I'm going to brag about 
working Bhutan barefoot. 

I listen to the frequency again. 
Yep, he's still in there... 

"TNX JIM FOR QSO ES QSL 
SURE BK 73 ES DX FM THIMPU 
MUST QRT NW QRL W9WU DE 
A51RTSKCLEE." 

The 2-meter radio pipes up: "Hey, 
W9KNI, here's W9WU. Thanks, Bob. 
For that one I owe you a case of 
Augsburg, my man!" 

You know you've snagged a rare 
one indeed when WU offers such 
bestowments. 

I listen on to the chatter on 2 
meters a couple more minutes. WU 
certainly is catching a lot of good- 
natured static about his luck, lack of 
operating skills, and so forth, from 
the fellows that came up short when 
the A51 pulled the switch. WU is 
thoroughly enjoying it, and, of 
course, so am I. 

But with the band open like this, I 
ought to keep tuning. I resettle the 
earphones and begin turning the 
knob again. I find a couple Siberians, 
and one UL7, but it becomes obvious 
that I've milked the path for all it's 
worth. And its worth was high. The 
A51 is, and probably always will be, 
one of the rarest. And I got him bare- 
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foot! That's one I'll always remem¬ 
ber, I know. 

I consider my plan of attack. It's 
0220 Z, 9:20 PM Central Daylight 
Time. And it's 3:20 AM in Western 
Europe. They're all in bed. I was go¬ 
ing to try the African path next, but 
it's really too early for those fellows to 
be up; and hearing people calling 
VP8AI has turned my attention to the 
far, frozen Antarctic. 

I pull the antenna around to 160 
degrees, the bearing that my Second 
Op tells me is for the South Orkneys. 
That's close enough for any of the 
Antarctic islands. I run the receiver 
back down to 21,000 kHz and start 
my hunt back up the band. 



intently signing their calls. Wonder 
who they're onto? I bring my VFO up 
quickly. Never hurts to be ready. 
There. They've all stopped calling 
now; and yes there's someone com¬ 
ing back. 

''589 589 HR BK NAME IS ROGER 
ROGER ES QTH PORT STANLEY 
PORT..." OK, it's a VP8 in the 
Faulkland Islands. Wait, he's signing 
his call; let's see who he is. OK, it's 
VP8TN. H'mm. Check my laundry list 
of VP8s. He's not on it, so let's get 
him added. There, VP8TN — Faulk¬ 
land. I won't need to waste time on 
him in the future trying to crack a 
pile-up for one I don't need. 


Where? The side nulls cross, roughly, 
the path to Europe on the one side, 
and the path to New Zealand on the 
other. If the station that the pile-up is 
after is on frequency and I'm not 
hearing him, it's a pretty safe bet that 
he's buried in the side null of my 
antenna. Otherwise, I should hear 
something, even if very weakly. 

Hey, they're calling again, and 
there are more of them. There's 
W3KT. And N4WW. And K5LM. 
This ain't no Sunday School picnic — 
the heavies are out in force. As I rec¬ 
ognize their calls, and the sense of 
urgency they display, I myself get 
hyped. 

But what? There! They are quieting 




I immediately rediscover the prob¬ 
lem with tuning this path — very loud 
South-American stations. First it's 
LU8DZ, doing a drumbeat on my 
ears. Then it's PY7RO. But it's natur¬ 
al; the band is obviously wide open, 
and I'm looking down the jaws of 
their arrays as they look down mine. 
No wonder they are 30 and 40 dB 
over S-9. 

There's a CP5; not very common, 
especially on CW, but I have it, in the 
log and on the wall. I call it in on 2 
meters, and keep tuning. 

Suddenly, I find myself in a mini 
pile-up; perhaps a dozen stations 


Listen to that crowd call! They sure 
do seem intent tonight. That's not 
very nice — he hasn't finished his last 
QSO. Yeah, there he is. Wait; he's 
calling QRZ, and yet people all 
around him keep signing their calls. 
He's not that weak. 

Hey, wait a minute. They're not 
calling him at all. They are all calling 
someone else, and from the sounds 
of it rather frantically. Who? 

I wait. The pile-up dies down, and I 
tune carefully through it looking for 
their prey. Not a whisper do I hear. 
Nothing... I run the gain up. Nil. Oh 
oh. Should I turn my antenna? 


down again. Whomever they are 
chasing must be back to someone. I 
hit the antenna rotor, and swing the 
antenna around to the southwest. 
Maybe there's something on in the 
Pacific. 

Once again, I strain my ears as the 
antenna rotor responds to my com¬ 
mand. I'm almost crawling into my 
headphones trying to wring out infor¬ 
mation. Then I hear, "R LU3ZY DE 
W3KT R TNX ISIDRO UR 589 589 
QTH PA PA NAME HR JESSE 
JESSE HW COPY? LU3ZY DE W3KT 
KN." As 3KT signs, a bunch of 
fellows drop tail end calls. 


june 1981 HB 25 




Bencher 
1:1 BALITJV 


• Lets your antenna radiate—not your coa 

• Helps fight TVI—no ferrite core to 

' saturate or reradiate 

• Rated 5 KW peak—accepts substantial 
mismatch at legal limit 

• DC grounded—helps protect 
against lightning 

• Amphenol® connector; Rubber ring 
to stop water leakage 


Model ZA-1A 3.5-30 mHz $17.95 

Model ZA-2A optimized 14-30 mHz 
includes hardware for 
2" boom $21.95 



Available at selected 
dealers, add $2.00 
postage and handling 
in U.S.A. 

WRITE FOR LITERATURE 


siBencHeRjnc 


iO. IL GO BOB* <312) 263* 1608 


Radio World 


Featuring Kenwood, Yaesu, Icom, Drake, Ten-Tec, Swan, Dentron, Alpha, Robot, 
MFJ, Tempo, Astron, KLM, Hy Gain, Mosley, Larsen, Cushcraft, Hustler, Mini 
Products, Bird, Mirage, Vibroplex, Bencher, Info-Tech, Universal Towers, 
Callboo k, ARRL, Astatic, Shure. We service everything we sell! __ 

nan Write or call for quote. You Won’t Be Disappointed. 

■■■■B We are just a few minutes off the NYS Thruway (1-90) Exit 32 


OUT OF STATE ONEIDA COUNTY AIRPORT TERMINAL BUILDING 

CALL TOLL FREE ORISKANY, NEW YORK 13424 Warren-K2IXN 

800 - 448-9338 N.Y. Res - Cal1 ( 315 ) 337-0203_ Bob- WA2MSH 


ALL BAND TRAP ANTENNAS! 



It's the South Sandwich isles — 
the rarest of the Antarctic group. Un¬ 
til LU3ZY started up recently, the 
Islands had been off the air for over 
ten years. There had been recent 
reports of activity, but only on 
Spanish phone, and outside the U.S. 
phone bands. But now, they appar¬ 
ently are on CW. Hot Dog! 

But where is he? I turn the antenna 
hurriedly back to 160 degrees. That, 
at least, is one dilemma I'm done with 
now. He must be working split fre¬ 
quency. Let's start looking lower for 
him. 

I find him almost immediately, as 
he comes back to someone. Nice sig¬ 
nal, too. A clean, honest 579, with a 
trace of a chirp, probably due to a 
weak main supply. 

No wonder I was confused. The 
LU3 is listening up five, putting his 
pile-up squarely on top of the VP8. 
What a mess. But the LU3 is pretty 
well in the clear, so we have a good 
shot at him. 

This time I quickly turn the final on. 
A quick touch up on the tuning after 
presetting the knobs, and I'm ready. 
OK, let's see who he's working now. I 
want to be ready. 

''OK JIM ES TNX QSO MUST 
QRT FOR WATCH DUTY 73 W9VNE 
DELU3ZYSKCL." 

Agggghhh\ 

Oh well, I look at the clock, and 
make note to transfer to my black¬ 
board. OK, it's 0258 Zulu. His watch 
duty must start at 0300 Zulu. I note 
the frequency, 21,063. If he's keeping 
watches, there’s a very good chance 
that he'll be on again tomorrow. And 
I'll be there. And so will a bunch of 
others. But that's OK. When I took 
up DXing nobody promised me a rose 
garden. 

Well, you win a few, you lose a 
few. But you sure aren't going to get 
a complaint from me. Bhutan! Wow! 
I'm still riding high. 

I've done enough for one day, a 
really super day, I turn the rig off, 
ground the antenna, and head up the 
stairs. I can just catch the ten o'clock 
news. Bhutan! Wow! 

ham radio 
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simple, high-frequency 

mobile antenna matcher 


Are you frustrated because you can't move up 
and down the 40- and 75-meter bands while driving 
down the freeway? The stumbling block, of course, 
is the narrow bandwidth of the antenna system on 
these bands, particularly on 75 meters. The higher 
the antenna Q, the worse the situation. 

Fortunately, the simplest remotely operated anten¬ 
na matcher/tuner for high-frequency mobile opera¬ 
tion also just happens to be highly efficient, very 
effective, and ridiculously easy to operate. It consists 
of just one lonely variable capacitor in the car trunk, 
tunable from the driver's seat. In my case, this is 
accomplished using a limber 1/4-inch (6.5 mm) 
plastic rod. 

In a typical two-door sedan it's easy to rotate the 
capacitor manually from the driver's seat. With this 
simple arrangement one can move from 7150 to 7300 
kHz with a VSWR not exceeding approximately 1.1. 
On 75 meters, the VSWR is less than 1.2 over most of 
the 3800-4000 kHz band; it increases rapidly to about 
1.5 at the phone-band edges. The exact numbers will 
vary slightly with antenna mounting, arrangement, 
car size, and road surface. 



By Woodrow Smith, W6BCX, 2117 Elden 
Avenue, Apt. 20, Costa Mesa, Cafifornia 92627 
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typical application 

In my two-door sedan, the limber shaft drives a 
planetary gear arrangement attached to the capacitor 
frame. Unfortunately, this method doesn't lend itself 
too well to a four-door sedan configuration, although 
it can be done if you're willing to go to the trouble of 
running the shaft through the passenger compart¬ 
ment at floor level — not an easy trick but still feasi¬ 
ble on many four-doors. In this case, the driver 
reaches down instead of left and over to change fre¬ 
quency. 

* My Mercury Monarch is probably typical of most 
compact and intermediate two-door sedans of 
domestic manufacture circa 1970-80. The limber 
shaft terminates at a small knob located at the for¬ 
ward edge of the left-quarter plastic trim panel (to 
the rear of the door frame), slightly above the arm¬ 
rest. The shaft runs snugly against the trim panel and 
is rarely noticed by passengers. Its height is such that 
it's possible to reach it briefly without interfering with 
normal driving tasks. The best height seemed to be 
about flush with the back of the seat (not the 
headrest). 

Once the antenna for a particular band has been 
trimmed for equal VSWR at the band edges, it's not 
necessary to touch the antenna again. Just rotate 
the capacitor for maximum radiated power. (I 



Tuning capacitor and limber shaft mounted in author's 
car. Planetary drive at capacitor prevents backlash and 
wind-up "hop" by reducing torque at capacitor. 



Another view of the tuning capacitor and coupling 
assembly installed in the author's car trunk. 


assume the rig is an all-solid-state transceiver with 
untuned 50-ohm output). 

circuit 

One arrangement I've used successfully is shown 
in fig. 1. A small, imported, illuminated tuning meter 
of questionable ancestry is mounted on the back side 
of the sun visor (to be at eye level and close enough 
for easy reading while driving). Voltage to actuate 
the meter is derived from a 1N34A diode inductively 
(link) coupled to the lead between the capacitor and 
the antenna base connection. (Before I found the 
tuning meter I used a pocket multimeter placed on 
the seat. It had the advantage of sensitivity selection 
for tune up, but had the disadvantage of not being at 
eye level.) 

The word limber is appropriate in describing the 
drive shaft because, unlike a flexible shaft with an 
outer sheath, the limber shaft is simply a 1/4-inch 
(6.5-mm) shaft stiff enough to avoid objectionable 
wind-up yet flexible enough to allow for some mis¬ 
alignment, or change in direction. 

The limber shaft is made to behave by supporting 
it in guides spaced at appropriate points (photo). 
Loose-fitting cable clamps act as shaft guides. The 
use of the planetary drive unit eliminates backlash 
and wind-up hop by reducing the torque that the 
shaft must deliver. At the same time, it acts as a fric¬ 
tion brake to discourage the inherently unbalanced 
capacitor rotor from being vulnerable to shock and 
vibration. 

The planetary drive I used has a ratio of 6.5 to 1, 
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which appears to be about optimum — but anything 
between 5 to 1 and 10 to 1 should be satisfactory. 

A few electronic parts stores carry planetary drives 
(such as the British-made Jackson Bros.). But if you 
have trouble locating one, note that they are avail¬ 
able as replacement parts for a number of ham trans¬ 
ceivers. 

My original plan was to rig up a motor-driven 
mechanism using the actuator from a remotely oper¬ 
ated telescoping auto-radio antenna obtained from 
an auto parts junk yard. However, obtaining and 
assembling the stuff turned out to be a more formid¬ 
able task than expected. So I made a lashup using 
manual drive through the limber shaft. It has been so 
satisfactory that, nearly three years later, the motor- 
driven project still is awaiting development. 

typical installation 

I use two separate and considerably different high- 
frequency mobile-antenna installations above the 
same ball mount. The first is a standard Hustler 
installation and is normally used around town 
because with it it's easy getting in and out of the 
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garage and driving up to canopied gas pumps (and 
along residential streets with low telephone lines) 
without having to worry about the antenna hitting 
something. The other antenna is much more elabo¬ 
rate and is used only on out-of-town trips. 

results 

Because the matcher/tuner works equally well 
with both systems, and because so many Hustler 
installations are already in use, the VSWR figures 
(tables 1 and 2) are actual readings taken with the 
standard Hustler installation, and with the car in a 
vacant parking lot on asphalt paving. Tuner perform¬ 
ance isn't significantly different on other paved sur¬ 
faces or with other top or center-loaded antennas. 

To minimize interference and avoid spurious 
VSWR readings as a result of harmonic output, all 
readings were made with the smallest amount of 
drive to my 350-XL final amplifier that would produce 
usable readings with the VSWR meter set for maxi¬ 
mum sensitivity. After all VSWR measurements were 
completed, the meter made an unofficial visit to a 
calibration lab, where it was checked for accuracy. 
Readings below 2.0 on the meter turned out to be 
sufficiently accurate on the bands of interest that 
application of a correction factor was not necessary. 






other bands 

No readings are shown for 20, 15, and 10 meters 
because, on those bands, the VSWR will be 
reasonably low if the capacitor is simply tuned near 
maximum capacitance once and the antenna pruned 
as though the capacitor were not in use. If you want 
to go to the trouble of making the adjustments, 
though, the VSWR can be reduced to approximately 
1.0 over these three bands by making use of the 
capacitor, as on 40 and 75 meters. 

initial adjustments 

The initial adjustment that has to be made only 
once (for each band on which you'll want to take 
advantage of the capabilities of the capacitor) is sim¬ 
ple. It involves trimming the resonator whip length 
(in the case of a Hustler) or top hat capacitance to 
the value that gives equal VSWR readings at the band 
edges when the capacitor is rotated for minimum 
VSWR. With the 40-meter Hustler resonator, for 
example, this will involve lengthening the whip 
perhaps 3 inches (7.6 cm) from the normal midband 
setting. Once this is done, a VSWR meter is no longer 
essential, as long as you stay within the band limits, 
because proper setting of the capacitor can be made 
simply by tuning for maximum output, as noted else¬ 
where. 

On 75 meters, my 75-meter Hustler resonator "just 
barely got there" before running out of resonator tip. 
So I attached a miniature hose clamp above the coil 
to the top of the fat part of the top section, with the 
free end of the clamp (about 1-1/2 inches, or 3.8 cm) 
providing some additional capacitance. While minor 
adjustments may have to be made to accommodate 
the variable capacitor, planetary drive, and the limber 
shaft to a particular car, the considerations will be 
generally the same. 

The best place for the antenna is as far back on the 
left rear fender as possible; or, if you don't want to 
drill a hole for the ball mount, place it on the left side 
of the bumper using a bumper mount. 

precautions 

It's extremely important that a bumper mount be 
jumpered as directly as possible to the sheet metal of 
the car body with two separate, flat braids at least 
1/2 inch (12.7 mm) wide, terminating at points about 
12 inches (30 cm) apart. Drill pilot holes for sheet- 
metal screws if there are no suitable points of attach¬ 
ment. This is especially important with the new 
bumpers, like those on my car. 

The ball mount (or bumper mount and braid termi¬ 
nations), the tuning capacitor, and the planetary 
drive unit must all be clustered close together, with 
minimum bend in the limber shaft drive. Some bend¬ 
ing of the shaft can be tolerated, as long as it doesn't 


make too sharp a bend radius anywhere along its 
length. In my car, the capacitor is mounted on a hori¬ 
zontal and flat section of the fiberboard trunk liner, 
where it houses the connections to the left-hand 
stop, turn, tail, and back-up lights. Capacitor frame 
must be floated. 

some final observations 

Tuning for maximum power output with a VSWR 
box is simple if you're parked. But reaching around 
to tweak the tuning knob, while mentally subtracting 
the reflected power reading from the forward power 
reading, is definitely not recommended as something 
to be accomplished while in traffic. Tuning for maxi¬ 
mum output on a single meter at eye level is much 
quicker and safer. However, you should first make 
sure that the MAX INDICATOR peak correlates 
reasonably well with maximum radiated power. 

In a mobile installation there often are strange cur¬ 
rents flowing in the car metal. "Wattless" displace¬ 
ment currents that unintentionally get coupled into a 
sampling antenna or pickup loop can upset the accu¬ 
racy of the reading insofar as correlation with the 
actual radiation well beyond the induction field. At 
first I obtained an appreciable discrepancy when tun¬ 
ing for maximum "net" power on the VSWR box 
then peaking the reading obtained with the 1N34 
sampler previously described. I found that very effec¬ 
tive rf filtering was required on the wire bringing the 
rectified dc to the driver's position. Also, correlation 
was better when the very small pickup loop was placed 
right against the lead between the tuning capacitor 
and antenna base, rather than the lead between the 
coax and the capacitor. A larger link spaced from the 
lead caused some problems with stray fields. 

To make absolutely sure that the maximum "net" 
reading on the VSWR box correlated with maximum 
radiated power, I took field-strength readings at 75 
feet (23 meters) through a target spotting scope. The 
car was parked in a vacant parking lot, with no wires 
between the field-strength meter and the car. 

Correlation between field-strength peak readings 
and readings on the tune-for-max indicator was, for 
practical purposes, 100 percent after changes were 
made in the sampling loop (link) position; one side of 
the link was grounded at the link and filtering of the 
1N34A dc lead was improved. 

When you get your "world's simplest mobile 
antenna tuner" installed and ready to go, first make 
sure your "output power peaker" (if you use one) 
correlates reasonably well with the net readings of 
the forward and reverse power readings on a VSWR 
meter. Then you can forget the entire VSWR hassle 
and tune for MAX, which is more fun than tuning for 
a dip. 

ham radio 
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Modifications to a 
popular mobile antenna 
for multiband operation 

Nine-resonator antenna with seven resonators in place 
{right). Those for 10. 15, 20, 40, and 80 meters are point¬ 
ing upward. The two horizontal elements are for the 
new WARC 10-18 MHz bands. Below, complete assem¬ 
bly of the three-band antenna. 



refinements to a 



mobile high-frequency antenna 


Ten months to retirement! During the countdown, 
all my free time was devoted to getting a mobile CW 
station wc>rking in my car. No way would I go on an 
extended trip without ham radio. An FT 101-B would 
be my transceiver, and for the radiator I chose the 
Hustler mobile antenna. I had been going to roll my 
own, but time was running out. 

At first I purchased only the 40-meter resonator 
with the antenna and mount. This gave me a chance 
to run some tests and determine the capabilities of 
such a short antenna mounted on the bumper of the 
car. Fig. 1 shows the original installation. The results 
amazed me! In a few days I worked WAC on 7 MHz 
from the highways in eastern Pennsylvania. This 
mobile operating opened up a new dimension for me. 
I then purchased the four other resonators, tuned 
them up, and off we went on a two-week trip to 
Florida. I had more fun working mobile than sight¬ 
seeing. 

During a memorable QSO on 21 MHz, the DX sta¬ 
tion informed me that 28 MHz was wide open, and 


he asked me to change frequency, as we needed to 
make contact only on 10 to complete a five-band 
exchange. This band change required stopping the 



By Frederick Hauff, W3NZ, 437 South Lewis 
Road, Royersford, Pennsylvania 19468 
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Universal C-clamp mount for the nine-resonator mobile 
antenna. (The male half of a quick disconnect points 
up.) Small aluminum pads 1 /8-inch (3-mm) thick are in¬ 
stalled on each side of railing. Screws in C clamp are 
for connecting radials. 


car, unscrewing the 15-meter resonator, and putting 
the 10-meter resonator in place. It's not much of an 
operation, but it was raining. Full of true ham spirit, I 
made the band change. The contact was completed 
on 10 meters, which gave me great satisfaction. 

This one band change convinced me that all was 
not ideal with the original setup. Some changes 
would have to be made if I were to come up with a 
mobile multiband antenna. This could be a nifty 
retirement project. I had a feeling that several 
resonators could be connected together at the bot¬ 
tom end. Here's how I did it. 

three-band design 

Fig. 2 shows a small bracket that holds three reso¬ 
nators at the same time and reduces their mutual 
inductive coupling. The 15/10/20 meter resonators 
were assembled as shown. A Jones Micromatch 
(SWR bridge) was installed into the feed line. Only a 
slight adjustment was needed to bring the SWR on 
the three bands to 1.1 or better. Table 1 shows the 


table 1. Lengths of elements for the three high-frequen¬ 
cy bands measured from element end to locking nut. 


amateur band (MHz) 

28 21 14 

single resonator at 7-5/16(186) 8(203) 14(356) 


inches (mm) 
three resonators 
mounted for 
three-band 
operation, 
inches (mml 


6-1/21165) 7-5/81194) 131330) 


length of the tuning stubs measured from the very 
end to the end of the locking nut. 

I made field-strength measurements on 28 MHz 
with all three resonators in place, then with only the 
28-MHz resonator in place. I detected no change in 
field strength, But then a friend asked, "What are 
you going to do about 40 and 80, and what about the 
new WARC bands?" 
nine-resonator design 

After a few days in my workshop I came up with a 
new creation. Fig. 3 shows the details of a new, 
lightweight, low-profile adapter that will accept a 
total of nine resonators. It was made up by using 
only a small bench lathe and a drill press. 

Fig. 4 shows the arrangement of the resonators, 
including the change in length of the tuning stub. I 
omitted the 80-meter setup since I could purchase 
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only the resonator for the 75-meter phone band and 
had to improvise to work on the low end of 80 meters 
to bring the resonator to frequency. I also installed a 
disk 4 inches (10 cm) in diameter above the 80-meter 
loading coil to improve the SWR and also to reduce 
the length of the tuning stub. The SWR for all five 
bands is better than 1.15:1. 

There is no guarantee that the resonators for the 
new bands will perform in conjunction with the 
present-band resonators. There might be too much 



interaction between some of the loading coils. At 
one time, I installed two 40-meter resonators. I 
wanted one tuned to 7025 kHz and the other to 7225 
kHz. However, I never was able to accomplish this. 

160 -meter mobile antenna 

It was impossible for me to purchase a resonator 
for the 160-meter band. I either had to make one 
myself or just forget about 160-meter operation from 
the car. I not only wanted to work 160, but was also 
curious to see what could be done on that band while 
rolling along. Fig. 5 shows the details of my 160- 
meter loading coil. Many experts will have misgivings 
about using PVC tubing. Since I had nothing else, I 
tried it, and it has been working just great with the FT 
101-B; no breakdowns! 

An old telescoping automobile antenna serves as 
tuning stub, with an aluminum disk 7 inches (18 cm) 
in diameter between the tuning stub and loading coil. 

The adjustment on 160 meters must be precise: 
usable bandwidth is only 6 kHz. For 1805 kHz, my 
tuning stub is adjusted to a length of 44-1/8 inches 
(112 cm) from the coil to the end of the stub. 

notes on the directivity 
of the antenna 

While in Florida, I had biweekly schedules with 
N3WW (distance 1,000 miles). I always had the rear 
of the car facing toward Pennsylvania. (The antenna 
is mounted on the rear bumper). We always managed 
our CW contacts, but at times copy was marginal. 
One morning a side road was blocked off and I had to 
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HAL’S SUMMER SALE 


Ready to roll with the five-band mobile antenna. (All 

resonators tuned to 25 kHz from the low ends of the 

bands: 10.15, 20. 40. and 80 meters.) 

We made the same tests on 21 MHz. The results 
were more pronounced: from S5 to 30 dB over S9. 

The very same evening we met on 7 MHz and ob¬ 
tained similar results. However, the difference in sig¬ 
nal strength was only 2-1 /2 S units, and on 80 meters 
the difference was 1 S unit. 

I ran a few tests with some DX stations (3000 + 
miles). The difference in signal strength was not 
nearly as spectacular, but a difference was noted. 

Every time I now work mobile I feel that I am sitting 
inside a good beam antenna. I hope I never get car¬ 
ried away and make a U turn on a freeway. 

Can anything be worked mobiling on 160? During 
the 160-meter ARRl contest I was on the beach at 
Daytona Beach, Florida. In 45 minutes I worked 35 
stations. Enough said! 

Fig. 6 shows SWR versus frequency for three 
bands. I had no desire to try the 160-meter antenna in 
conjunction with any of the others; it's big enough 
by itself I 

No one should have to stay off the air for lack of an 
antenna. The photo shows a forged C clamp that can 
be used in various places and situations; for example, 
on a railing, picnic table, fire escape, rain gutter. 
However, an effective ground should be provided. 

I wish all of you happy mobiling! At least five 
bands are available by the flip of the radio's band- 
switch. 

ham radio 
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The year 1933 was a harsh one for 
most Americans. The economy was 
in a shambles. The discredited 
Administration had been swept out of 
office in the 1932 election landslide, 
and there was an ominous pause in 
the heartbeat of America before the 
new President took office in March of 
1933. The economic clock of the 
country had run down. 

Between the crash of 1929 and the 
new year of 1933, the economy had 
gone from bad to worse. Business 
was at a standstill. Unemployment 
ran as high as sixty percent in some 
cities. Hordes of men and boys roamed 
the countryside, looking for work or a 
handout. The Southern Pacific Rail¬ 
road testified before Congress that it 
had thrown more than 680,000 
vagrants off freight trains during 
1932. 


Those lucky enough to have a job 
during these hard times had little, if 
any, money left over for pleasure or 
amusement. Jobs were scarce and 
low paying. An offer of 20 dollars a 
week, or even 30 cents an hour, was 
enough to create a long line of job 
hunters. Lucky kids got an allowance 
of ten cents a week. Apartments 
rented for 20 dollars a month, movie 
admission was 15 to 25 cents, with 
kids at 10 cents. And a good hotel 
room was $4.50 a day. 

Viewed by today's standards, 1933 
was a very different time. There were 
no copying machines, clock radios, 
ball-point pens, televisions, automat¬ 
ic dishwashers, or zip codes — and 
only a few electric refrigerators. Ama¬ 
teur Radio was blissfully unaware of 
single sideband, SWR meters, DXCC, 
slow-scan television, transceivers, 
beam antennas, and all the other 
goodies of modern communications 
that we take for granted today. 

It wasn't easy to buy ham gear in 
1933. The market was small, and not 
many stores or manufacturers 
catered to Amateur Radio enthusi¬ 
asts. The prices of receivers and com¬ 
ponents were astronomical despite 
the depression. Bearing in mind that 
the 1933 dollar had about ten times 
the purchasing power of today's dol¬ 
lar, prices of ham equipment were 
staggering, especially to the unem¬ 
ployed Amateur. 


getting on the 
air in 1933 

Many hams were not on the air, 
because it was an expensive and 
time-consuming chore. Paradoxical¬ 
ly, this was a period of great growth 
in Amateur Radio. The number of 
licensed Amateurs exploded, almost 
doubling between 1932 and 1934. 
Perhaps this was a result of there 
being many people with plenty of 
time on their hands, or a result of the 
demise of the broadcast-receiver¬ 
building boom, which all but ended 
with the introduction of the all-ac- 
operated receiver — who knows? In 
any event, the pressing problem was 
how to get on the air with a thin 
purse. 

Other factors complicated the 
problem. Buying on credit was 
almost unknown. Radio equipment 
was sold strictly on a cash-and-carry 
basis. There were no credit cards, no 
800 phone numbers, and little manu¬ 
factured ham gear. Amateurs, in fact, 
took pride in homemade stations; and 
the rare, affluent Amateur with 
"store bought" equipment was 
viewed as something of an eccentric. 

Nevertheless, by the time his ham 
license came in the mail from the Fed¬ 
eral Radio Commission (the grand¬ 
father of the FCC), the would-be 
Amateur probably had a two-tube 
regenerative receiver set ready to go 
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for ham work. The transmitter, unfor¬ 
tunately, was more of a problem. 

The solution was to build a simple 
transmitter out of readily available 
parts from defunct battery-radio 
receivers. Old five-tube, battery-oper¬ 
ated, receiver chassis could be 
obtained on "radio row" in most 
cities for twenty-five or fifty cents, 
often complete with tubes. Armed 
with one or two old receivers, the 
new ham was ready to begin building 
a transmitter from the components. If 
the components were not just right, 
he could swap them with other 
money-short Amateurs to try and get 
what he needed. 

what to build? 
what band to choose? 

Once a junkbox of parts was at 
hand, the next problem was to deter¬ 


mine the band of operation and the 
transmitter circuit. Bandswitching 
transmitters were unknown, and 
band changing, attempted by the 
more sophisticated Amateurs, re¬ 
quired a basket-full of plug-in coils. 
Most Amateurs stayed on one band 
for a long period of time because eco¬ 
nomics forced them to do it. These 
fellows depended on QST for ideas. 

Ten meters was an unknown quan¬ 
tity; fifteen meters did not exist. It 
was difficult to get a transmitter to 
work on a frequency as high as 20 
meters, and many would-be DXers 
gave up in disgust. QRM was heavy 
on 40 meters (strictly a CW band — 
no phone allowed). And 80 meters 
was chock full of traffic nets. Indeed, 
the greatest portion of Amateur activ¬ 
ity was on the 80-meter band. 

That left 160 meters. And this was 


the popular beginner's band and the 
home of the inexpensive, home-built 
station. Many beginners opted for 
160 meters, and spent their formative 
years on this band. 

The CW portion of the 160-meter 
band extended from 1715 kHz to 1800 
kHz. Canadian phones occupied the 
portion from about 1770 kHz to 1800 
kHz, and that left a nice, 55-kHz-wide 
band segment open to CW operation, 
with little QRM. And on a good night, 
contacts up to 500 miles or more 
were possible. 

let's build a replica 
transmitter 

Several circuits were at hand that 
would work. The proven Hartley, and 
the TNT (tuned, not tuned) circuits 
were good ones. But a newer, more 
simplified design was gaining popu¬ 
larity: the unity-coupled Hartley oscil¬ 
lator (fig. 1). This simple circuit used 
two receiving-type tubes in push-pull 
and two or three fixed capacitors and 
resistors. The whole works could be 
built on a breadboard in a few hours. 
The two 245 receiving tubes* could 
be operated at up to 400 volts at 100 
milliamperes, providing a respectable 
40 watts input and an output of about 
20 watts. That's plenty of power to 
work a lot of DX. 

Construction information on this 
interesting transmitter appeared in 
the August, 1933, issue of QST mag¬ 
azine. Since most new hams didn't 
have the $2.50 for an ARRL member¬ 
ship (which included QST), they 
either bought a copy (25 cents) at the 
local magazine and cigar store or got 
a penciled sketch of the schematic 
from a friend. 

The transmitter is built on a bread¬ 
board measuring 9 inches wide and 
10 inches deep (23x25 cm). Since 
breadboards, as such, are now nearly 
defunct, you can build your replica on 
a piece of plywood or shelving. The 

♦The UX245 triode woe used in the oudio amplifier cir¬ 
cuit of many broadcast receivers. They provided the 
nucleus of many early Amateur shortwave transmit¬ 
ters. If you were able to scrounge a type UX210, then 
your ham rig could run even higher power — provided 
you had higher plate voltage. Editor 



fig. 1, A 1981 replica of a 1933 transmitter. This little 40-watt oscillator provides a 
clean CW signal for 160-meter operation. It is built Upon a "breadboard" in the true 
tradition of yesterday. The frequency-setting capacitor and dial are in the fore¬ 
ground: the oscillator tank coil is directly behind it. This coil is wound with enamel 
wire, slightly spaced by winding string between the turns. The coil is given a spray 
coat of air-dry plastic cement. Note that the string is left in the winding. 

The antenna coil is wound on a smaller-diameter Bakelite (phenolic) tube at¬ 
tached to a dowel rod. The rod is mounted in clamps affixed to insulators. This 
arrangement permits the coupling between the coils to be adjusted for best oscil¬ 
lator performance. Tube sockets and grid capacitors are mounted to the rear of 
the breadboard. 
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fig. 2. Schematic diagrams of the original 1933 transmitter. The 1981 version has only 18 turns in the tank coil 
to move the operating frequency from 1750 kHz to 1800 kHz. A regulated power supply is suggested instead 
of the capacitor-input supply shown. (Circuits from QST magazine.) 


board is given a few coats of shellac 
or varnish before work is started. 

The tuning capacitor and tank coil, 
the heart of the oscillator, are mount¬ 
ed at the center of the board, with the 
two tubes mounted immediately to 
the rear. The schematic diagram (fig. 
2) is arranged somewhat in the same 
manner in which the components are 
mounted to the board. Notice that 
the circuit is push-pull, with the grids 
cross-connected to the plates of each 
tube. When the circuit is oscillating, 
the peak grid voltage of one tube will 
be equal to the peak plate voltage of 
the other. Since the 245 triode tubes 
have a very low amplification factor 
(3.5), this provides just about the 
right arrangement for Class-C service 
— the grid swing being equal to the 
plate swing over the operating cycle. 

Grid excitation is controlled to a 
degree by the small size of the grid¬ 
coupling capacitors, which form an rf 
voltage divider when considered in 
conjunction with the grid resistors. In 
any event, it all works smoothly, and 
the circuit is a steady, reliable 
oscillator. 


the tank coil 

The tank coil is wound with No. 72 
(2.1 mm) wire, as it carries high circu¬ 
lating current in this high-C oscillator 
circuit. The antenna coil, which is 
somewhat smaller in diameter, slides 
in and out of the tank coil, supported 
on a wooden dowel rod affixed to 
two standoff insulators. 

Variable coupling is achieved by 
sliding the antenna coil back and 
forth until proper antenna loading is 
achieved, in the manner of the pre- 
World War I "loose couplers." The 
dowel rod slides back and forth in 
small clamps made from thin alumi¬ 
num stock; the clamps are bolted to 
the authentic, brown standoff insula¬ 
tors, The antenna coil is bolted to the 
dowel rod, and connections between 
the coil and the insulators (which also 
serve as connections for antenna and 
ground) are made with flexible wire, 
normally used for test leads. 

the antenna — tuning up 

The 1933-type antenna works just 
as well today as it did then — a simple 


Marconi of about 120 feet (37 meters) 
working against a good ground. 

To get things going, the transmit¬ 
ter requires a filament supply of 2.5 
volts ac at 3 amperes. The plate sup¬ 
ply may be anything between 300 and 
400 volts dc at 100 mA, well regulat¬ 
ed. A voltage-regulated supply will be 
helpful in obtaining a good CW note 
from this simple transmitter. 

The frequency is set within the 
band with the aid of an external moni¬ 
tor receiver, with the plate-tank tun¬ 
ing capacitor being about 75 percent 
meshed. Antenna coupling is loose; 
that is, the coil is pulled out as far as it 
will go. The antenna is then tuned to 
resonance, as noted by 1) a change in 
oscillator plate current (which is run¬ 
ning quite low), and 2) a change in 
frequency, as noted in the monitor 
receiver. Antenna coupling is in¬ 
creased (with a corresponding in¬ 
crease in plate current) to provide the 
greatest power output consistent 
with good frequency stability under 
keying. It's not hard to reach a com¬ 
promise, with plate current running 
80 to 100 mA. 
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L&© [FIT! 

I MITSUBISHI MGF 1200/1400 SERIES < 

THE BEST PRICE/PERFORMANCE: 2M—X BAND 

MGF 1200 (THE JELLYBEAN) 0 6cJBNFM5dBG @ 450 

ONLY $13' 2 2dBNF/9dBG@ 4GHz 

MGF 1400 ■ $23,50 MGF 1 '102 - $40 50 MGF 1412 ■ $61 00 
VITRAMON Vee Jem microwave taiecl chip capaciiars, 5 lor $5 00 
RMC solder-in disk bypasses lor VHFHJHF, 10 lot $2.50 

ALL DEVICES IN STOCK FOR IMMEDIATE SHIPMENT 

| APPLIED INVENTION — THE SOURCE ( 


f ALSO: 


RD2 RT. 21 HILLSDALE, NY 12529 


(518) 325-3911 


One point should be noted: the 
oscillator is directly coupled to the 
antenna and an antenna swinging in 
the breeze will cause the note of the 
little transmitter to waver a bit. Loose 
coupling to the antenna helps elimi¬ 
nate this annoying problem. 

getting on the air 

Now that you have built your repli¬ 
ca of the 1933 transmitter what can 
you do with it? Easy! Work stations! 
The CW segment of the 160-meter 
band runs from 1800 kHz to about 
1820 kHz, with some CW activity in 
other portions of the band, depend¬ 
ing upon the geographical division of 
the band: see the ARRL Handbook for 
details. Operation close to a band 
edge is not recommended unless the 
frequency is carefully monitored. 

But you can work plenty of stations 
with this midget transmitter. Most 
modern hams will express a sense of 
awe and amazement at working a 
1933-style, breadboard transmitter. 
But not one in ten will guess it from 
the CW note this little transmitter 
puts out. And, even if you don't put it 
on the air, it certainly is an interesting 
conversation piece, worthy of a place 
of honor in your radio shack! 

old-time radio equipment 

A growing number of today's Ama¬ 
teurs are taking a great interest in old- 
time Amateur gear. Old radio maga¬ 
zines are a treasure trove of circuits 
and information. Old tubes and com¬ 
ponents (while not available at the 
corner Radio Shack ) can usually be 
picked up at flea markets and from 
older Amateurs who still maintain a 
junkbox. Compared with today's 
equipment, the old circuits are simple 
and straightforward. 

It's fun to build up the old gear and 
get it on the air, and various contests 
take place from time to time based on 
the use of home-built replicas of yes¬ 
terday's equipment. 

Want more information? I suggest 
you write to the Antique Wireless 
Association for details: Bruce Kelley, 
W2ICE, Holcomb, New York 14469. 

ham radio 
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the weekender 



stabilizing the 
DenTron 160XV transverter 

My DenTron 160XV Transverter sat quietly 
unused in a corner of the station for many months 
after I had bought it for a standby rig. One fine day 
I was conned into a 160-meter schedule without 
my main rig for 160, since it had been borrowed by 
the ham who made the schedule. On tuneup, the 
DenTron had a plate current peak instead of the 
traditional dip (anyone remember tubes?). Worse, 
severe distortion showed on the scope and on the 
air. When the set was in the bypass position and 
the relay keyed, even with no drive applied, bright 
arcs flew across the plate tuning capacitor. These 
are all symptoms of self-oscillation — positive feed¬ 
back. 

I had noticed similar symptoms some years ago 
with another 160XV. A call to the factory implicated 
C15 and C16, 0.01-/tF and 150-pF capacitors respec¬ 
tively, as occasionally subject to breakdown. These 
two large disc ceramic capacitors, which couple the 
output of the 6146B to the pi network, are located on 
the printed circuit board just about under the large 
air-wound coil, L9, and just to the left of two runs of 
small coaxial cable, when looking at the set with the 
front panel facing you. Replacing these didn't solve 
my problem, but it's worth a try, as failure of the 
capacitors could cause stability problems. 


By Peter Ferrand, WB2QLL, 355 Lake 
Street, Nashua, New Hampshire 03060 


A close inspection of the physical layout of the 
output circuit proved more rewarding. From the 
top of the 6146B plate choke the output rf is car¬ 
ried down a piece of bare wire to the circuit board, 
where it runs on a trace to C15 and the pi network. 
The problem is that this trace is less than 0.1 inch 
(3 mm) away from the grid-circuit trace. It turns 
out that coupling occurs across the two nearly 
parallel traces, with a consequent tendency toward 
self-oscillation. 

The fix is very simple. Unsolder the circuit board 
end of the vertical bare wire next to the 6146B 
(and its plate choke) and swing the free end 
around the choke in a counter clockwise direction, 
until it is between C15 and Cl6. Then remove Cl5, 
the 0.15-/tF, 1.6-kV capacitor, and solder one end 
of it above the board to the same side of C16, the 
150-pF, 4-kV capacitor to which it had been connect¬ 
ed below the board. Then solder the free end of C15 
to the free end of the bare wire you unsoldered 
previously. What you have achieved is to redirect 
the rf output away from the grid circuit around the 
6146B socket; the circuit itself remains unchanged. 

Next we go back to the bottom of the board, to 
the trace to which C15 had been connected, and 
tie it to ground as a partial shield. Solder a wire 
from the trace (identified on my unit with a "J") to 
the nearest handy ground, pin 2 of the 6146B. 
While we're at the 6146 note that the tube's fila¬ 
ment is not bypassed. I didn't notice any differ¬ 
ence, but on general principles connect a 0.01-/iF 
capacitor from pin 7 to the ground foil. 

That's about all there is to it. The transverter will 
now put out its 70 watts. Turning the plate tuning 
control will produce a plate current dip simultane¬ 
ously with output power peak, with no arcs or 
sparks. You have created stability in an unstable 
world. 

ham radio 


46 E23 june 1981 




Barry is Now a Full 
Line Distributor of 
Satellite TV 
Receivers, LNA’s, 
Antennas and 
Accessories. Call or 
write Kitty today 
for Quote. 


The outstanding Yaesu FT- 
707, FT-902 DM, FT- 
107 M or the FT-101ZD 
FT 720 RVH, 25 watts, 2 meter transceiver. FT-720 
RU, UHF transceiver. FT 480, 2 meter, all mode, 30 
watts. FT-780R. all mode 430-440 MHz. 

DENTRON Clipperton L GLA-100B, AT2K 
JUNE FEATURES, Best Price Around 
COLLINS KWM 380, New Shipment just received, 
and accessories for all major lines. 

ASTRO 103 • BIRD WATTMETERS 
MIRAGE 2M amplifiers • MURCH UT 2000B 
It’s Barry’s for the Drake TR/DR-7 and R-7 
CW Ops — we’ve got NYE keys, Vibroplex 
Bencher paddles and electronic keyers, 

AEA Morse-A-Matic MT-1, KT-1, MN-1; ICOMIC- 
720A, IC-730, and IC-22U. All-Band HF. 
Slinky Dipoles, HyGain Antennas, 2 m beams & 
mobile, 18AVT/WB, KLM, Cushcraft and Rotators 

BARRY’S HAS HAND-HELDS 
NEW Yaesu FT-404 R (UHF) 

Yaesu FT-207R 
Santee HT-1200 

VOCOM ANTENNAS AND AMPLIFIERS 

FOR YOUR HANDHELD. 
BARRY now carries the ALPHA 76CA 
with three 8874 tubes, 2,000W PEP 
and hypersil® transformer 
Kantronics Field Day and Mini-Reader 
Trionyx 0-600 MHz counters — $159.95 
' Complete selection of radio books including 1981 
Handbook and Repeater Directory 
JUST ARRIVED, 78th edition ARRL License Manual. 
Our lines include: 

CUSHCRAFT 


Icom IC-2AT 


(otators 

I 


DENTRON KANTRONICS 

ETO MIRAGE VOCOM" 
El MAC MURCH WACOM 
ENCOMM ROBOT YAESU 


COMMUNICATIONS 


VIBROPLEX 
VOCOM 
MURCH WACOM 

ROBOT - -- 

SHURE 
STANDARD 
SWAN/CUBIC 


BUSINESSMEN: Ask about BARRY’S line 
of business-band equipment. We’ve got if! 

Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm Saturday 10 am-Noon 


* AQUiSE I 
I HABLA I 
IESPANOL■ 


BARRY ELECTRONICS 

|512 BROADWAY, NEW YORK, N.Y. 10012] 

TELEPHONE ( 212 ) 925-7000 

_TELEX 12-7670_ 


ham radio 
readers' survey 

Here's your chance to get into the act and help 
shape the destiny of ham radio magazine. It's been 
six months since we started publishing the new ham 
radio incorporating Ham Radio HORIZONS. We've 
made a lot of changes. How do you like them? 

We've made these changes in an effort to satisfy 
our former HORIZONS readers and also to include 
suggestions we've received in recent years from our 
ham radio readers. We've read your letters and 
talked to hundreds of you at various hamfests. Are 
we heading in the right direction? We think so, but 
we must know for sure. So here's a little question¬ 
naire that will give you a chance to tell us what you 
like, and dislike, about the new ham radio. 

It's not often you get a chance to tell magazine 
folks what they're doing right and what they're doing 
wrong. So please take a few minutes and fill out the 
questionnaire. If you'd rather not remove a page 
from your magazine, just send us an SASE and we'll 
ship you a page by return mail. 

We've been doing our best to bring you the very 
finest magazine in its field. Now it's your turn to tell 
us what you think. If you'd like to add your own com¬ 
ments, just jot them down on a separate sheet of 
paper and send them in. 
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earth stonehocker, K0RYW 


last-minute forecast 

The lower-frequency bands are 
expected to be favored for DX during 
the first week of the month if the 
summer QRN isn't too bad by then. 
DX conditions for the higher-frequen¬ 
cy bands should improve by mid 
month, decrease until about the 24th, 
then increase somewhat toward the 
end of the month in time for field day. 
Propagation disturbances are expect¬ 
ed around the 6th and 18th. The first 
disturbance may bring DX from unus¬ 
ual locations on the lower frequencies 
in east-west directions, while the lat¬ 
ter disturbance may show good one- 
hop trans-equatorial openings on the 
higher bands. 

Lunar perigee comes twice this 
month, on the 2nd and 30th, and the 
full moon on the 17th. The longest 
day of the year, summer solstice, is 
on the 21st at 1145 GMT and begins 
our summer season. It also ushers in 
the sporadic-E season in full swing to 
make the short-skip openings the rule 
rather than the exception (see last 
month's DX Forecaster). 

DX conditions during summer are 
usually not as good as those during 
other seasons of the year because of 
propagated static noise from evening 
thunderstorms on the lower-frequen¬ 
cy bands. The higher-frequency 
bands have lower maximum usable 
frequencies (no 6-meter, F-region- 
propagated openings). This is some¬ 
what compensated for by having 
more hours for operating becoming 
available because of longer daylight, 
and also by openings from sporadic- 
E. Sporadic-E openings often occur 
on 6 meters and once in a while on 2 
meters. This keeps life interesting. 


some shop talk 

The accuracy of forecasting and 
predictions is inversely related to the 
length of time in advance that the 
forecast or prediction is made or 
desired. Those that are made a long 
time in advance are generally known 
as predictions and are based on a rea¬ 
sonably accurate sunspot number for 
the year and season. They are usually 
made with the help of a computer. 
This enables one to sample the stored 
ionospheric information to find the 
maximum usable frequencies and 
propagated signal strengths by use of 
simplified radio-wave tracing tech¬ 
niques. The time scale here is on the 
order of months or years in advance, 
and the data are used mainly by engi¬ 
neers to design equipment and anten¬ 
nas for transmitting between two 
points. The prediction tables and 
graphs in the ham magazines are usu¬ 
ally done this way because of the 
long publication lead times. For more 
detailed information see ham radio 
for April and September 1979. 

Forecasting techniques are more 
akin to weather forecasting. They run 
from the present into the next few 
hours or days in advance. Forecast¬ 
ing is a way of updating the predic¬ 
tion method in a day-by-day or even 
hour-by-hour dynamic fashion for 
better accuracy. More on this tech¬ 
nique later. 

band-by-band summary 

Ten and fifteen meters should give 
excellent daytime openings to most 
worldwide locations on both F-region 
long skip to 2500 miles (4000 km) and 
sporadic-E short skip to 1200 miles 
(2000 km) or multiples thereof on 


many days of the month. Don't ex¬ 
pect as much one-hop trans-equatori¬ 
al DX during disturbed periods this 
time of the year. June, July, and 
August are off-months for the F- 
region ionization to pile up on either 
side of the magnetic equator as it 
does from equinox through the win¬ 
ter to equinox. The ionization is down 
in the E region, making sporadic-E 
layers in the summer. 

Twenty meters will be open to some 
area of the world for nearly all hours 
of the day and night. Sporadic-E 
propagation will fill in the pre-sunrise 
dip in usable frequencies during many 
mornings to make round-the-clock 
openings possible. The direction of 
the openings will not be much differ¬ 
ent than usual, and the openings will 
be extended in time. 

Forty meters will give the best DX 
during the night from sunset until just 
after sunrise. Static levels may be 
high at times. Watch for local storm 
passages and operate near sporadic-E 
peaks around sunrise and sunset 
(particularly sunrise, when fewer 
thunderstorms have built up). 

Eighty meters on some nights (during 
hours of darkness until sunrise) can 
have DX openings to areas of inter¬ 
est. Static from thunderstorm activ¬ 
ity, long distance and local, may limit 
working the rare ones when propaga¬ 
tion is otherwise right. Coastal sta¬ 
tions usually have more favorable 
propagation geometry under summer 
conditions for working the rare DX 
than inland stations. Sporadic-E 
propagation around sunrise and sun¬ 
set is good for this band also. Day¬ 
time work will be limited to within 
about 200 miles (360 km). 
One-sixty-meter DX activities really 
require a lot of work this time of year. 
During hours of darkness between 
storm-front passages, you may work 
1000 miles (1600 km) if your ears hold 
up. DX takes on a new meaning here 
unless you're really lucky. Neverthe¬ 
less, you may want to give it a try. 

ham radio 
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Accessories for use with the rf power meter. 

rf power meter 


Part 2: 
Measurements and 
measurement accessories 

Part 1 of this article addressed the construction of 
an rf power meter capable of measuring amplitudes 
between -60 dBm and +20 dBm from 3.5 to 30 
MHz. This rf power meter is the basis of a measure¬ 
ment system that can be used to make many useful 
network measurements, as explained in part 1. Some 
of these measurements are described in detail here. 

accessories 

Depending upon the measurement, various acces¬ 
sories are required, some of which you may have. 
Construction of others is covered in other literature 
sources, such as the ARRL Handbook 1 and Solid- 
State Design for the Radio Amateur .2 | will list only 
the system components required to make the meas¬ 
urement and will describe the measurement itself. 
The photo shows accessories that I have built and 
found useful. 

One accessory required for reflection measure¬ 
ments, as in measuring antenna VSWR and amplifier 
input VSWR, is a directional bridge. Hayward 2 briefly 
mentions the usefulness of such a device, but I 
haven't found many references that provide details 
on how to use it or what the limitations are in its use. 


One of the advantages in using the bridge described 
here, as opposed to other "signal-separation" 
devices, is its simplicity, which results in the fact that 
it doesn't have to handle large amounts of transmit¬ 
ter power as in other coupler circuits found in SWR 
meters. This bridge is designed to be used with a 
low-level signal generator, VFO, or other oscillators 
delivering less than about + 10 dBm (10 mV). Higher 
power will cause damage or may generate distortion, 
which could adversely affect the measurement. 

directional bridge 

The bridge is shown in fig. 1. Basically, it's a 
Wheatstone impedance bridge circuit with an unbal¬ 
anced output to drive the power meter. Construction 
is uncomplicated. It should perform well up to and 
beyond 30 MHz with no adjustment or calibration. If 
your interests are limited to 30 MHz, no construction 
points are critical: simply use a reasonably close parts 
placement, high-quality components (small V* -watt, 
film-type, 1 percent or better resistors preferred), and 
you should have no problems. If you anticipate work¬ 
ing above 30 MHz, up to approximately 150 MHz, the 
bridge can be modified slightly to extend its range. 

what's a network 
measurement? 

Don't be concerned. You've probably been mak¬ 
ing them for a long time already but have been using 
other names such as VSWR or gain measurements. 
There are two basic types of network measurements 
that are made: transmission measurements and 
reflection measurements. 


By Ralph H. Fowler, IM6YC, Rt. 1, Box 254, 
Pearl River, Louisiana 70452 
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In simple terms, we apply a stimulus signal, gener¬ 
ally a low-level sine wave, sometimes swept, to the 
input of a one-port (antenna) or a two-port (ampli¬ 
fier) device, then we take measurements to see what 
is reflected from the input (reflection measurement), 
or what comes out of the output (transmission meas¬ 
urement). 

Network measurements are, strictly speaking, linear 
measurements. That is, we measure the output at 
frequencies corresponding to the input frequency 
only. In many cases, however, we can look at nonlin¬ 
ear effects by changing our test procedure slightly 
and do things such as making an harmonic analysis 
of an amplifier. Fig. 2 shows the two types of basic 
network measurements that can be made with the 
power meter and accessories. First, let's look at 
reflection measurements. 

reflection measurements 

The objective of a reflection measurement is to 
measure the amount of power reflected from a 
device, as shown in fig. 3. The reflected power is 
usually referenced to the incident power, and the 
ratio is expressed as VSWR, a; reflection coefficient, 
p; or return loss, RL. These three quantities are all 
different ways of expressing the same thing; that is, 
how well the device is matched to the transmission 
line carrying the power. All three are scalar values; 
that is, magnitude only without phase angle. Any 



one of the three can be converted to the others using 
the expressions; 

p = j<r(i) (1) 



These equations are important since, as you will find, 
the measurement system described here measures 
directly in dB of return loss (the advantages will be 
discussed), which can then be converted to other 
units as desired. Antenna measurements, for exam¬ 
ple, are measured in return loss values, dB, which 
can then be converted into o values to put them into 
a form in which they are usually expressed. 

Most of us are used to thinking in terms of VSWR 
and will want to do this in other measurements as 
well. While you might object to the bother of con¬ 
verting from RL to <r, especially since SWR meters 
give this information directly, you'll find that the ad¬ 
vantages of measuring RL far outweigh the minor 
inconveniences of conversion. And who knows, 
once you adapt to thinking in terms of RL, you may 
want to forget VSWR. 

making a return- 
loss [RL) measurement 

A return-loss (RL) measurement is made in two 
steps: calibration and measurement. This measure¬ 
ment is analogous to an SWR meter measurement in 
which the meter sensitivity is adjusted to give a full- 
scale reading of the forward power (calibration), then 
switching to read the reverse power as a function of 
the forward power (the measurement) with a meter 
readout directly in VSWR. 

As a specific example, suppose we want to meas¬ 
ure the VSWR and bandwidth at the VSWR = 3.0 
points of our antenna. This measurement system is 
shown in fig. 3. Calibration is performed by connect¬ 
ing a standard (a known VSWR) to the unknown port 
of the directional bridge to establish the 0-dB relative 
reference level on the power meter. The absolute 
power is unimportant; it serves only as a level with 
which the subsequent measurement is compared. 

The standard used is an open circuit with a VSWR 
of oo, corresponding to a perfect reflection where all 
of the forward going power is reflected. (We would 
thus say that the open circuit had a 0-dB RL). 
Assuming that we had 0-dBm forward power, we 
would measure -6 dBm at the ''detector'' port of 
the bridge, corresponding to a 6-dB loss of the 
reverse power as it passed through the bridge to the 
"detector" port. A value of - 6 dBm would then be 
our calibration value and should be logged or other¬ 
wise remembered. 
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With the antenna connected to the unknown port, 
a value is now measured that, when compared to the 
calibration level, -6 dBm, represents the return loss 
of the antenna in dB. If the power-meter reading 
were -15.6 dBm, for example, this would corres¬ 
pond to a 9.6 dB RL: 9.6 dB RL converts to a VSWR 
of 2.0, using the conversion equations. By tuning the 
source across the band you could then plot RL ver¬ 
sus frequency and determine the VSWR = 3.0 fre¬ 
quencies. Assuming the source were reasonably flat 
as you tuned, the calibration would remain good 
across the band. 

why measure RL instead 
of VSWR directly? 

There are three important reasons: resolution, 
accuracy and sensitivity. 

Accuracy is determined to a large extent by how 
well you can read the meter or indicator, (scale reso¬ 
lution), and how well the directional bridge does its 
job (there are some other accuracy considerations 
that will be covered later). SWR meters, like the sys¬ 
tem described here, use some kind of signal-separa¬ 
tion device (bridge, monimatch coupler). Therefore, 
other things being equal, they perform equally well in 
this respect. SWR meter resolution, however, is very 
poor at low values of VSWR below, say, 1.5, where 
the meter is at 20 percent of full scale. Below 1.5 the 
meter scale is compressed so much that about the 


best you can do when adjusting the match is to tune 
for a null. Dynamic range of the SWR meter (without 
"expanded" scales) is thus not much greater than 
about 10dB with good resolution. 

Return loss measurements using the power meter, 
however, do not suffer from a lack of resolution, 
even at extremely low values of VSWR (< 1.01) 
because of the increased dynamic range of the pow¬ 
er meter, 80 dB. And to make a point, resolution is 
sufficient so that we could theoretically measure 
VSWRs of 1.0002 with the system described here if 
we were not limited by the directional bridge. 

Admittedly, while there are few of us who really 
need to measure antenna VSWRs below, say, 1.5 or 
so, there are other reflection measurements which 
can't be made with most SWR meters because of 
their lack of sensitivity. Input VSWR of small-signal 
amplifiers, for example, will not admit the power lev¬ 
els necessary to make most SWR meters operate. 
Due to the increased sensitivity of the power meter, 
you can drive small-signal amplifiers with as little as 
-34 dBm and still measures 1.2 VSWR (20 d BAD. 

So while the SWR meter is an extremely useful 
device for continuous monitoring of VSWR under 
actual transmit conditions (something this system 
can't do), initial evaluation of antennas, amplifiers, 
and other devices can best be done with the power 
meter and bridge. 



fig. 3. Setup for measuring antenna voltage standing- 
wave ratio. Reflection calibration is shown in (A); re¬ 
flection measurement in (B). 
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how accurate is 
the measurement? 

A detailed analysis of the accuracy of this meas¬ 
urement is not within the scope of this article. 
However, some general guidelines are given to make 
sure you make the best measurement possible. 

There are two main sources of error in the return 
loss measurement described; source match and 
bridge directivity. These errors are limitations on all 
reflection measurements, whether with an SWR 
meter or the system described here; see fig. 4. 



fig. 4. Reflection-measurement errors. The bridge di¬ 
rectivity error is depicted in (A); (B) shows the source- 


Bridge directivity is a measure of how well the 
directional bridge separates the forward- and 
reverse-going waves. It is generally specified in dB. 
As an example, assume the directivity of the bridge is 
40 dB. Practically speaking, this means that if our 
device under test (the antenna) were a perfect 50- 
ohm antenna with an infinite RL, we would still 
measure approximately 40 dB RL, even though there 
were no reflected waves traveling along the transmis¬ 
sion line. Consequently the percentage errors in the 
measurement become increasingly large as the 
device RL approaches the bridge directivity. In this 
example any return loss measurements greater than 
approximately 35 dB would be unreliable. Fortunate¬ 


ly, a 35-dB RL (VSWR 1.03) is usually well beyond 
the practical requirements of most measurements. 
The directivity of the bridge described here is greater 
than 40 dB up to 30 MHz. 

The other source of error in reflection measure¬ 
ments is source-match error. Source match is essen¬ 
tially a measure of how close the output impedance 
of the source is to the characteristic impedance of 
the transmission line (50 ohms). Its importance 
becomes apparent when you consider the effect of 
any reflected energy traveling back to the source 
only to be reflected from the source, becoming part 
of the new forward-going wave. The forward-going 
wave now consists of two components (an infinite 
number if we count the re-reflections) to create an 
uncertainty in establishing the forward-going power 
in the calibration step. If the device we are measuring 
accepts most of the forward-going power (VSWR is 
low or RL is high), then this source of error becomes 
negligible. 

If, on the other hand, the device has a reasonably 
high VSWR (a low RL), then source match error 
becomes appreciable. A source with a VSWR of 2.0, 
for example, used in the measurement of a device 
with an actual VSWR of 4.0 would yield a measured 
VSWR lying between 2.8 and 6.0. The value you 
would measure depends on the relative phasing of 
the component waves. When measuring the VSWR 
of reflective devices such as filters (outside of the 
passband), source match errors become significant. 
Ideally, then, the source used to make the measure¬ 
ment should have a 50-ohm (Z 0 ) output impedance 
to reduce source-match errors. 

Fortunately, there are simple fixes to improve the 
source match of a given source. Simply adding a 6- 
or 10-dB attenuator at the output of the source 
brings the effective output impedance of the 
source/attenuator combination closer to 50 ohms. In 
the above example adding a 6-dB attenuator to the 
2.0 VSWR source improves the effective source 
match to 1.4, reducing the uncertain window to 
3.4-4.8in a vswr = 4.0 measurement. 

The directional bridge has 6 dB of attenuation built 
in by design and satisfies this requirement on its 
own. However, when making transmission measure¬ 
ments remember to add 6 or 10 dB attenuation fol¬ 
lowing the output of your source/filter, particularly 
when measuring large VSWRs (small RL). More 
about this later, 
other notes on 
reflection measurements 

As mentioned in part 1, the power meter is a 
broadband detector, one which responds equally 
well to the stimulus frequency, f 0 , coming from the 
source or to any of the harmonics of the source or 
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the device being tested. Because of this, harmonic 
filtering of the source is a must, and suitable lowpass 
or highpass filters must be added to attenuate the 
source's harmonics adequately. Lowpass filters are 
recommended because of their relative ease of con¬ 
struction. 

The skirt attenuation of the filters outside the pass- 
band should be sufficient to reject unwanted har¬ 
monic frequencies. The actual value of attenuation 
required will depend on the dynamic range required 
in the measurement, although 40 dB or greater har¬ 
monic rejection is usually enough, depending on the 
harmonic content of the source itself. In my system I 
use seven-pole LC lowpass filters with cutoffs at 5.8, 
9.6, 15. 7, 23.1, and 30.4 MHz following my tunable 
generator to cover the high-frequency bands. These, 
combined with the inherent harmonic content of the 
oscillator itself, yield a source with a minimum - 50 
dBc harmonic content, sufficient for most of my 
measurements. LC lowpass filter construction is cov¬ 
ered in detail in the ARRL Handbook . 1 

The attenuators shown surrounding the filters ab¬ 
sorb the multiple reflections that result from out-of- 
band energy reflected from the filters and provide a 
proper termination for the filters and test amplifier. 
They should not be omitted from the circuit. 

transmission measurements 

The other type of measurement that can be made 
with the power meter is the transmission measure¬ 
ment. As the name implies, it is simply a measure¬ 
ment of the amount of signal power transmitted by a 
device under test. The measurement can be as sim¬ 
ple as measuring the passband ripple and the stop- 
band rejection of a filter, or as complex as meauring 
the gain, compression level, harmonics, intermodula¬ 
tion distortion (IMD) and third order intercept (TOI) of 
a small-signal amplifier. 

A basic transmission measurement is shown in fig. 
2. This setup would be suitable for characterizing a 
filter, for example, and the details of this measure¬ 
ment should be evident. The measurement of a 
small-signal amplifier's characteristics can be more 
involved and, therefore, will be discussed as an 
example of the measurement procedure. This meas¬ 
urement is shown in fig. 5. Note the liberal use of 
attenuators to buffer multiple reflections from the 
reactive filters, improve the effective source match, 
and provide a proper termination for the filters and 
test device. 

calibration 

Calibration consists of simply bypassing the test 
device (amplifier) with a through connection and not¬ 
ing the power level on the power meter. This should 



fig. 5. Instrumentation for small-signal amplifier gain, 
compression, and harmonic-distortion test. 


be done with the 0-40-dB step attenuator adjusted to 
set the input power level low enough to prevent over¬ 
driving the amplifier. 

measurement 

Gain is measured by connecting the test amplifier 
and comparing the output power level with the cali¬ 
bration value (the input power level). In cases where 
the harmonics are known to be more than 10 dB 
below the fundamental level, the filter following the 
test amplifier can be omitted without serious errors in 
the gain measurement. If, for example, the harmonic 
power were 10 dB below the fundamental level, the 
error resulting from omission of the filter would be 
only 0.4 dB in the gain measurement. 

The 1-dB gain compression level can be determined 
by increasing the drive to the test amplifier to a point 
where the gain, as measured in the preceding step, 
decreases by 1 dB. At this point the test amplifier is 
entering the nonlinear region and is generating 
enough distortion so that by choosing an appropriate 
bandpass filter we can measure the harmonic distor¬ 
tion. Back off on the drive a bit, however, since the 
measurement should be made with the amplifier 
operating in the linear mode and not near gain com¬ 
pression. 

Measurement of nth -order harmonic distortion re¬ 
quired choosing a bandpass filter that will attenuate 
the fundamental to a level at least 10 dB below that 
of the harmonic to be measured, as shown in fig. 6. 
We could not expect to be able to measure harmonic 
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fig. 6. Attenuating the fundamental signal, fl, with a 
bandpass filter. 
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distortion 50 dB below the fundamental using a 
bandpass filter with only 30 dB of rejection of the 
fundamental, for example. Conventional Butter- 
worth designs using from three to five poles as 
described in the Handbook 1 will provide sufficient 
attenuation in most cases. 

Generally speaking, extreme bandpass-filter selec¬ 
tivity is not required, even in low-distortion measure¬ 
ments, for testing small-signal amplifiers since we 
can arbitrarily increase the distortion from the test 
amplifier by increasing the drive level to the input 
(but staying away from gain compression). Fig. 7 
illustrates this principle. 

Note that in fig. 7A at an output level of -10 
dBm, for example, the second harmonic is at -50 
dBm, or relative to the fundamental at fl we say that 
it is - 40 dBc. If we increase the drive level to the test 
amplifier by 10 dB, the fundamental output also in¬ 
creases by 10 dB to 0 dBm as shown in fig. 7B. 

But note that the second harmonic has increased 
by 20 dB and is now only - 30 dBc relative to the 
fundamental. So given a three-pole bandpass filter 
with a 40-dB rejection over one octave of bandwidth, 
it would not be possible to make an accurate second- 
harmonic measurement with the drive level set as in 
fig. 7A; but by increasing the drive level as in fig. 7B 
we could make the measurement. Once the distor¬ 



tion has been measured at the artificially high drive 
level, the distortion at any nominal drive level can be 
computed from the equation: 

HD, (nominal drive level) = 

HD, dBc (meas) + (N- l)x (change in drive level) (3) 

where N is the order of distortion (that is, second, 
third, etc.). If, for example, the second harmonic 
were measured to be -40 dBc at a drive level of 0 
dBm, it would compute to be - 80 dBc at an input 
drive level of - 40 dBm. 

Again, stay away from gain-compression levels by 
at least a few dB, and remember that you can't 
measure test-amplifier distortion levels less than that 
generated by the source used and present at the in¬ 
put of the test amplifier. Also remember to take into 
account any insertion loss of the bandpass filter (it 
can be measured separately with the power meter) in 
your measurement of harmonic distortion. 

The relationship between the fundamental and 
second-order harmonic distortion as the drive level is 
changed can be generalized to nth-order distortion as 
well: changing the drive level by 1 dB causes the 
nth -order distortion product to change by nxl dB. 
This fact is extremely useful in positive identification 
of the signal you think you are measuring. For exam¬ 
ple, when measuring the third harmonic, changing 
the drive by 1 dB should cause a 3-dB change in the 
power-meter reading. 

IMD and TOI measurements 

IMD measurements follow the same general guide¬ 
lines established in harmonic distortion measure¬ 
ments. One complication arises in the fact that we 
must now drive the test amplifier with two equal 
amplitude rf "tones" and somehow provide filtering 
to reject the fundamentals at fl and f2 and pass the 
third-order distortion products at 2f1 + f2 or 2f2± fl. 
Fig. 8 shows the measurement setup. 

Ideally we would like to present to the test ampli¬ 
fier two rf signals separated by, say, 10 or 20 kHz and 
measure the IMD product, which would be separated 
from the test signals by the same 10 or 20 kHz as 


fig. 8. Test setup for measuring intermodulation 
distortion. 
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fig. 9. A 5.3-MHz Butterworth bandpass filter for test¬ 
ing intermodulation distortion. Filter-component 
values provide 50-dB attenuation at 7 MHz and above. 


shown in fig. 8. This tone spacing is desirable since it 
simulates the situation that exists at the input to a 
receiver's preselected rf amplifier in crowded band 
conditions. However, without heterodyning the test 
amplifier's output to a lower frequency where filter¬ 
ing can be easily accomplished, it becomes neces¬ 
sary to separate the tones by at least a few MHz to 
allow using LC bandpass filters to select the IMD 
product and provide attenuation to the fundamentals 
at fl and f2. Consequently, the measurement 
described here is limited to broadband amplifiers or 
amplifiers with a bandwidth large compared with the 
tone spacing. Fortunately, tests made with a spec¬ 
trum analyzer using closely spaced tones show 
results that agree within a few dB compared with 
measurements made using tones spaced by a few 
MHz on broadband test amplifiers. 

In my test setup I used two crystal oscillators at 7.0 
MHz and 8.7 MHz and measured 2f1 -f2at 5.3 MHz. 
Fig. 9 shows filter component values for a 5.3-MHz 
bandpass filter that provides 50-dB attenuation at 7.0 
MHz and above. As previously stated, the filters and 
test amplifier must see 50 ohms to provide a good 
termination. Also remember to verify the test by 
changing the drive level by a given amount, using the 
step attenuator, and look for a three times change in 
the power meter reading. 

Once the third-order IMD is measured at the arbi¬ 
trary drive level, the IMD at a nominal drive level can 
be computed from: 



IMD, (nominal drive level) = 

IMD.abc (meas) + 2(change in drive level, dB) (4) 

and the output TOI can be computed from 

TOI = -Y + Pout <5) 


where A = IMD level in dBc relative to the funda¬ 
mental (one tone), and P out is the output level of one 
of the tones. Input TOI is the output TOI minus the 
gain of the test amplifier. 

Measurement accuracy depends to a large extent 
on maintaining a 50-ohm impedance within the 
measurement instrumentation as well as the input 
and output impedance of the test amplifier itself. The 
measurement is meaningful only to the extent that 
the test device matches the impedance of the meas¬ 
urement instrumentation. Hence any networks used 
for input or output matching should be included as 
part of the measurement device. 

One other comment: beware of IMD generated 
within the power combiner shown in fig. 8.3 IMD 
caused by saturation of the toroids used in the com¬ 
biner frustrated me for some time before I figured out 
what was going on. This combiner had 0.25-inch 
(6.35-mm) OD toroids that created their own IMD 
when driven above about +10 dBm. 

Although the foregoing tests were made on small- 
signal amplifiers such as those used ahead of a 
receiver, similar tests for harmonic distortion can be 
made on a high-power transmitter with the aid of an 
in-line power sampler such as is used in SWR meters. 
Examples of such samplers can be found in reference 
1. Alternatively, a 40-dB pi attenuator capable of 
handling 1 kW can be made with the aid of a 1-kW 
dummy load and some 2-watt resistors. Fig. 10 
shows details. This attenuator will reduce the output 
of a kilowatt rig to a level that can be handled by the 
power meter. 

measuring amplitude modulation 

The power meter can also be used to measure 
amplitude modulation if the need arises and a scope 
isn't handy. The measurement is based on calculat¬ 
ing the modulation percentage after measuring the 
power difference between the carrier with and with¬ 
out the modulation applied. A tone generator should 
be used to modulate the transmitter. 

With modulation applied, the power meter (or the 
transmitter output) is adjusted to place the power 
meter reading near full scale, where scale resolution 
is best. Remove the modulation and measure the 
decrease in the power-meter reading. This differ¬ 
ence, A, when plugged into the equation below, will 
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yield the modulation percentage to within a few per¬ 
cent, depending on how carefully you measure A. 

modulation percentage = 170 \flO( A/l °) - 1 (6) 

A difference of A = 1 dB, for example, would cor¬ 
respond to an 86.5-percent modulation level. This 
technique will provide good accuracy to about 30- 
percent modulation, where the power-meter scale 
resolution becomes marginal (0.2 dB). Results were 
verified using an HP-8640B calibrated signal genera¬ 
tor. Remember to use an attenuator capable of dissi¬ 
pating the total power of the transmitter, or use a cir¬ 
cuit similar to that in fig. 10. 

extending operating frequency 
of the directional bridge 

As mentioned earlier, the directional bridge has a 
directivity of about 40 dB to 30 MHz, dropping off to 
less than 10 dB or so at 150 MHz. By adding a 1-5 pF 
ceramic trimmer as shown in fig. 11 and by careful 
parts placement, the balance can be improved to 
yield about 30-dB directivity at 150 MHz, permitting 
reflection measurements using the detector assem¬ 
bly (which is usable well beyond 150 MHz) and the 
modified bridge at 2 meters. The dynamic range of 
the detector assembly alone is about 20 dB (it 
departs from square-law operation above - 10 dBm, 



and sensitivity is about -35 dBm), so the overall 
return-loss measurement range is about 20 dB, corre¬ 
sponding to a VSWR of 1.2. The VHF return loss 
adjustment procedure is shown in fig. 11B. 

Initial adjustment of the modified return loss bridge 
is rather tedious. For best results it's necessary to ad¬ 
just the trimmer and tweak the parts placement, par¬ 
ticularly the toroid, while observing the return loss of 
a known device, a 10-dB attenuator connected to the 
unknown port of the bridge. With the 10-dB attenua¬ 
tor connected, the measured return loss (remember 
to calibrate with an open circuit first) should be 20 
dB, since the signal must make two passes through 
the attenuator before reaching the bridge. There 
should be a range of adjustment over which you 
should measure this value. 

A good indication that the bridge has been adjust¬ 
ed for directivity greater than 20 dB is to alternately 
short and open the open side of the 10-dB attenua¬ 
tor. If the directivity error signal has been nulled sat¬ 
isfactorily, the change in the power meter readings 
should be small (less than 1 dB). If not, readjust the 
trimmer capacitor and/or parts placement and try 
again. At some point the power meter variation as 
the attenuator is shorted/opened should be small. At 
this point try the same measurement at a lower fre¬ 
quency, say 50 MHz or 30 MHz, to see that you have 
not degraded the low-frequency directivity, since 
adding the capacitance disturbs the circuit balance 
somewhat. 

Once you have adjusted the bridge to your satis¬ 
faction, epoxy the toroid in place using a small drop 
of epoxy (avoid coating the windings) to prevent it 
from moving. The assembly should then be sealed to 
prevent fingers from touching the insides. 

closing remarks 

Using this system I've been able to duplicate meas¬ 
urements on many of my homebrew projects that 
previously required the use of expensive laboratory 
measurement instrumentation. I can now measure 
the performance of projects and not wonder what ef¬ 
fect a parts substitution had on a particular circuit, or 
whether adjustments were optimized. 

Any questions or comments regarding construc¬ 
tion of the power meter or the measurements 
described are welcome. Please include an SASE. 
Improvements doubtless can be made. 
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Questions and Answers 


Entries must be by letter or post card only. No telephone requests 
will be accepted. All entries will be acknowledged when received. 
Those judged to be most informative to the most Amateurs will be 
published. Questions must relate to Amateur Radio. 

Readers are invited to send a card with the question they feel is 
most useful that appears in each issue. Each month's winner will 
receive a prize. We will give a prize for the most popular question of 
the year. In the case of two or more questions on the same subject, 
the one arriving the earliest will be used. 


Why is it that most Novices op¬ 
erate near the low end of the 
21.0-21.2 MHz band? - Walter 
Legan, KA4KXX. 

Perhaps they are trying to avoid 
interfering with the phone stations, or 
maybe they simply enjoy the com¬ 
pany. The same thing happens on 
other bands, Novice or otherwise, 
CW or phone, but there doesn't seem 
to be good justification for it. 

Next time the band is crowded, try 
calling CQ just below the upper end 
and see if you can reverse the trend. 
Certainly you will experience less 
QRM. 

How do you prevent a lightning 
strike from entering your shack 
through your rotor wiring? — Ron 
Ankney, WD5IXP. 

Lightning is unpredictable — it can 


enter your shack by various means, 
including of course, the rotator wir¬ 
ing. There is no accepted evidence 
that any form of protection can pre¬ 
vent a stroke (direct hit). It is wise, 
however, to provide some means of 
draining away static charges which 
can accumulate during summer 
storms and possibly become quite 
dangerous. 

If you inspect the circuit diagram of 
your rotator, you will notice that the 
wiring is grounded at some point in¬ 
side the mechanism. The TR-44, for 
example, employs a 500-ohm potenti¬ 
ometer inside the aluminum case; the 
arm of this pot is grounded to the 
frame. If the rotator is clamped to a 
grounded metal tower, static charges 
will drain off to the ground and will 
not enter the shack. To make sure of 
this, connect a piece of No. 12 or 14 
drawn-copper, copper-clad, or No. 


10 gauge aluminum "clothesline" to 
the rotator housing and run it in as 
straight a line as possible over the 
most direct route to a good ground. 

If your antenna system is insulated 
from ground (mounted on top of a 
wooden tower or the roof), connect a 
No. 4 or larger wire to the rotator or 
frame of the system (at some point 
which will not interfere with opera¬ 
tion of the antenna), and run it in a 
straight line down the tower to a 
good ground. 

Article 810 of the National Electri¬ 
cal Code (NFPA No. 70), which is 
purely advisory but which is of inter¬ 
est here, recommends using an 8- 
foot-long galvanized iron pipe 3/4 
inch in diameter as an effective 
ground. A 5/8-inch galvanized rod 8 
feet long is also acceptable. 

From a lightning protection stand¬ 
point, it is desirable to run coaxial 
cable and control wires directly down 
the tower and then underground to 
the shack. It is also a good idea to 
ground the braid of the coax to a 
water pipe system at the point of 
entry into the shack, if possible, using 
a 1/2-inch or larger copper strap 
soldered to the braid and clamped to 
the pipe. If a water pipe system is not 
available, drive a ground stake into 
the ground immediately outside the 
house, at the point of entry, and 
ground the coax braid to it. 


64 [SI june 1981 





Alaska Microwave Labs 


G/ass or silk, when rubbed, pro¬ 
duce static electricity. Why aren't 
they good conductors? — Lawrence 
Emmett. 

It is convenient to define two kinds 
of electricity, positive and negative. 
The elementary electric charge is the 
negative electron. To charge a body 
negatively you add electrons to it; the 
only way to charge it positively is to 
take some electrons away from it. 
Think of the atom as a neutral body 
under normal conditions. Remove 
some electrons and it becomes a pos¬ 
itively charged ion. Add some elec¬ 
trons and it becomes a negatively 
charged ion. 

In some substances the forces 
holding the electrons to the atoms are 
small, and some electrons may 
become detached temporarily from 
the atom and wander in the vacant 
space between the atoms. This is par¬ 
ticularly true of the metals, such as 
silver and copper. 

If the electrons are more rigidly 
bound to the atom, so that they can¬ 
not be freed except under the action 
of very large forces, no free electrons 
will be found in the empty spaces 
between atoms. If an electric force is 
applied to such a substance, it cannot 
cause the electrons to migrate and 
there's no flow of electrons (no cur¬ 
rent flow) from one part of the sub¬ 
stance to the other. If an excess num¬ 
ber of electrons are placed on one 
part of such a substance, they remain 
there. Glass, mica, quartz, wood, and 
ebonite are examples of such sub¬ 
stances, which we know as insula¬ 
tors. 

When a glass rod is rubbed with a 
silk cloth, some electrons pass from 
the rod to the silk, leaving the rod 
charged positively and the silk nega¬ 
tively. However, since electrons can¬ 
not migrate in these insulators, cur¬ 
rent won't flow in them. 

What do / do in case of an emer¬ 
gency involving the sending or receive 
ing of an SOS? — Steve Reisman, 
KA6IVE. 

If you suddenly find yourself in an 


emergency, you can call SOS on CW 
or MAYDAY on phone. Chances are 
you will receive one or more immedi¬ 
ate replies on your frequency request¬ 
ing your location and details of the 
emergency. Respond to the strongest 
signal. Generally, an emergency net 
will be quickly set up and a net-con¬ 
trol station will be selected who will 
act as the supreme authority in the 
situation. Listen to him carefully, 
answer his questions briefly, and do 
exactly what he tells you to do. 

Emergency nets are not pre-ar¬ 
ranged — they happen. The reason 
for this is that many Amateur opera¬ 
tors know exactly what to do in an 
emergency without much thought. 
They have operated nets before and 
know how to pass the maximum 
amount of information with the mini¬ 
mum number of words in a minimum 
of time. If you aren't familiar with net 
procedures, listen to them and try 
getting involved. It may help you or 
somebody else when a real emergen¬ 
cy arises. 

On the other hand, if you should 
hear a distress call, listen for a few 
seconds to see if somebody else 
responds. If so, listen carefully but 
stay off the air unless it becomes 
clear that there is a specific job to be 
done that you can handle more effi¬ 
ciently than anyone else. 

If nobody else responds, you cer¬ 
tainly must do so. Stay calm. Ask the 
distressed station to provide you with 
details. Remember that other stations 
may now be tuned in and assessing 
the situation, and they may join you. 
In any event, don't rag-chew. 

If it appears that you personally 
can't be of much help, you can call 
QST to attract other stations who 
might be better able to help, and you 
can call your ARRL Area Emergency 
Coordinator on the telephone and ask 
his help. (If you don't know his tele¬ 
phone number, look it up and post it 
in your shack. Do it now!) Be pre¬ 
pared. You might also want to moni¬ 
tor W1AW transmissions for latest 
emergency information if you are not 
directly involved in the emergency. 

ham radio 
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computer program 
for sorting 
and inventory of 

standard resistor values 


A useful tool 
for experimenters 
with overflowing junkboxes 

A friend of mine is in the surplus electronics busi¬ 
ness. He buys closeouts and overstocks then sorts 
what he has bought and resells them. Recently he 
made a large buy on surplus resistors. Most were in 
plastic bags, but some had been attacked by rats. 
Thus sorting and inventory wasn't going to be easy. 
He asked me if my computer could make a list for 
performing the inventory. Table 1 is the result of that 
request. An abbreviated example of the program out¬ 
put is also given. 

The idea of using a computer program to generate 
this list is made practical by the fact that resistor val¬ 
ues follow a distinct pattern. There are only 24 possi¬ 
ble combinations for the first two digits of a resistor 
value. These digits are then multiplied by a power of 


10 to form all the values. The lowest value is 1.0 ohm 
and the highest is 2.2 x 10 7 ohms, or 22 megohms. 
(This same pattern is followed by capacitor values.) 

The program was written in TSC extended BASIC 
and runs on a Southwest Technical Products (SWTP) 
computer system.* Lines 50 through 80 establish the 
standard value table using the DATA statement. The 
FOR loops at 210, 260, 290, 370, 440, and 490 gener¬ 
ate the values by multiplying the table values by vari¬ 
ous powers often. 

The entire list could have been generated by a set 
of nested loops except for formatting the value col¬ 
umn. The subroutine at line 600 handles printing the 
spaces where the values are to be manually entered 
and also handles page headings. The columns are set 
up for 1/4-, 1/2-, 1-, and 2-watt resistors. To change 
this it's only necessary to change lines 610 and 710. 


I *TRS-80 level-2 BASIC and APPLESOFT BASIC for the APPLE II can be run 
with no program changes. 

By Phil Hughes, WA6SWR, Specialized 
Systems Consultants, P.O. Box 2847, Olympia, 
Washington 98507 
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beam antenna 

mast lock 



Mast lock installed on author's tower. 


Simple clamp device 
for preventing windmilling 


There are frequent occasions when it's necessary 
to secure a beam antenna in a fixed position to 
prevent it from spinning or windmilling, or from 
changing its vertical position relative to the rotator 
when the rotator has been removed for mainte¬ 
nance, routine or otherwise. The antenna c/amp 
described here meets that requirement completely. 
It is not only effective and easy to make, but it 
even costs less than two dollars for materials. 
Before going further, I want to explain that the 
term mast is used to denote the pipe to which the 
antenna is mounted and which is turned by the 
rotator. It does not refer to the tower structure. 


clamp description 

Briefly, the clamp consists of a piece of oak or 
other hardwood 2x4x13 inches (50.8 x 102 x 
330 mm) and a pair of 2 1/2 x 5/16 inch (64 x 8 
mm) U bolts. See fig. 1. (The lumber dimensions 
are those that best fitted my EZ-WAY tower installa¬ 
tion.) For other towers it may be necessary to 
change the longer dimensions, making it about 4 
inches (102 mm) more than the distance between 
the legs at the height of the rotator. 

The device is clamped to the mast by means of 
the U bolts (fig. 2). The 2-by-4 lumber piece 
should rest on the cross member, which is just 
above the rotator. It's important that the small 
backing plates that accompany the U bolts are 
used so that maximum pressure may be exerted on 
the wooden member to prevent any slippage 
between the bolts and the mast. Merely putting 
washers beneath the nuts will not accomplish this. 
Remember that we’re dealing with considerable 
twisting force on the clamp. 

The clamp not only prevents the antenna from 
turning but also maintains the vertical position 
relative to the rotator. This can be very critical 
when the rotator is reinstalled. It may be necessary 

By Lefferts A. McClelland, W4KV, 109 
Anona Place, Indian Harbour Beach, Florida 
32937 
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to add shims or small wedges between the clamp 
and the tower legs to obtain a tight lock-up. 

With my EZ-WAY foldover tower, I position the 
beam antenna so that, when lowered, either the 
reflector or the director lies flat on the ground. This 
action relieves the strain on the antenna elements 
when the antenna is down and puts the antenna in 
a fixed position of reference. In this position, the 
base casting and rotatable upper casting should be 
indexed by means of a China marking pencil or a 
strip of paint. The dial of the control box should be 
marked to indicate the azimuth of the system be¬ 
fore it was lowered. With everything thus marked 
no further alignment should be necessary after 
reinstallation of the serviced rotator. 

Whenever I leave town for any length of time, I 
install the clamp to relieve the rotator of torque 
caused by heavy on-shore winds (my property is 
very close to the Atlantic Ocean.) 

This has been a practical solution to a bother¬ 
some problem. 
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! ha mj no te book 


simple speech amplifier 
for the SB-400/SB-401 

This speech amplifier has no plugs, 
cables, or interconnections. It turns 
on and off automatically with the 
transmitter switch. It's a plug-in mod¬ 
ule that receives its power from the 
transmitter, and it doesn't disturb the 
original design of the SB-400 or SB- 
401. The amplifier can be plugged in 
or removed in a few seconds. 

The plug-in module was designed 
to give additional drive power to the 


triode section of the ring modulator in 
the SB-400/SB-401. It is inserted be¬ 
tween the pentode and triode sec¬ 
tions of the 6EA8 tube in the SB- 
400/SB-401. In these rigs, all audio 
work is accomplished by the 6EA8. 
The pentode section of the 6EA8 
drives the triode ring-modulator sec¬ 
tion. It's between these two 6EA8 
sections that additional gain is need¬ 
ed to give additional speech amplifi¬ 
cation. 

The plug-in module is simple. It 
consists of five resistors, two capaci¬ 


tors, a transistor, and a nine-pin test 
socket with a small circuit board. Fig. 
1 shows the schematic; fig. 2 gives 
construction details. 

construction 

Disassemble the nine-pin test sock¬ 
et by removing the No. 6 terminal pin. 
Drill a small hole through the side of 
the test socket one-half inch (12.7 
mm) from the pin base at a slight 
angle. Reinsert the pin through this 
hole to provide an output and input 
circuit for the amplifier connection 
(see fig. 2). 

Mount the parts on a small circuit 
board (fiber board is okay). Drill a 
3/4-inch (19-mm) hole at one end to 
accept the nine-pin test socket. Cut a 
small angle on the board at the right- 
hand corner for clearance of the 
capacitor when inserting the module 
into the 6EA8 socket. 

Insert the test socket into the board 
and cement it with epoxy. Reinsert 
the pin through the side of the test 
socket, adjusting the board so that 
it's parallel with the transformer. 

parts 

Here's a list of components you'll 
need: 

C1,C2 0.01 /rF 600V 
Q1 MJE340 (Motorola or 

equivalent) 
nine-pin test socket 
R1 150k 1 watt 

R2 220k 1/2 watt 

R3 3.9 meg 1/2 watt 

R4 Ik 1/2 watt 

R5 33k 1/2 watt 

installation 

Simply remove the 6EA8 from the 
transmitter and insert the 6EA8 into 



fig. 1. Schematic diagram, plug-in amplifier for Heath SB-400/SB-401 transmitter. 
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fig. 2. Construction details for the piug-in amplifier module used in the Heath 
SB-400/SB-401 transmitters. 


the amplifier socket. Then insert the 
amplifier module into the 6EA8 sock¬ 
et. Set the audio level control at 9 
o'clock. That's all there is to it. You 
don't have to use external amplifiers 


to obtain additional gain. As a matter 
of fact, such amplifiers, when in¬ 
serted into the transmitter micro¬ 
phone jack, will overdrive the 6EA8. 

Steve Hresko,W8MLH 






























When it comes to 

AMATEUR 
RADIO QSL’s.. 


Coming Events 

ACTIVITIES 

“Places to go...” 



it’s the ^ 

ONLY BOOK! 

US or DX Listings 

callLooics 



SPECIAL LIMITED OFFER! 

\lm] 

Amateur Radio 
Emblem Patch 


only $2.50 postpaid 

Pegasus on blue lie 

Id. red lettering. 3" wldex 

3" high Great on jackets and caps. Sorry, no 1 

call letters. 

ORDER TODAY! 

RADIO AMATEUR 

C 3 

0 

0 

_0 


i Sherwood Drive 

Lak 

:e Bluff, IL 60044, USA 



































































They say “beauty is as beauty does”. And the streamlined, 
low silhouette Larsen Kulrod Antenna performs as beautifully 
as it looks! 

You get real performance, thanks to solid contacts with no 
power wasted in inefficient base or phasing colls. And there's no 
power loss through inefficient high loss whips when you use a 
Larsen Kulrod Antenna. 

These antennas were engineered to serve the tough, 
highly competitive two-way communications field. They are'in 
demand and sold throughout the United States and around the 
world — though often priced a bit above other antennas. The 
reason? Top performance and looks. 

Larsen Kulrod Antennas are available at leading Amateur 
stores. Choose from a variety of easy-to-install permanent and 
temporary mounts in the 50,144,220 and 440 MHz 
amateur frequencies. 

Write fora free catalog and name of the nearest Larsen 
dealer. And before long you'll be getting “fine signal" reports 
on your new Larsen Kulrod. 


rsen Flnlennas 


You can HEAR the difference! 

11611 N.E. 50th Ave. / P.O. Box 1686 
Vancouver, WA 98663/ Phone: 206/573-2722 
In Canada write to: Unit 101 - 283 E. 11 th Avenue 

Vancouver, B.C. V5T 2C4 / Phone: 604/872-8517 
® Kulrod is a Registered Trademark ol Larsen Electronics, Inc. 


More Details? CHECK-OFF Page 98 
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TRIONbdX If 


2 METER 

TELESCOPING 

ANTENNA 

with BNC 


• USE'ON ANY 2 METER 
HAND-HELD RADIO 
WITH A BNC 
CONNECTOR SUCH AS: 

KENWOOD 
WILSON 
YEASU 

MANY OTHERS 

• 3dB GAIN OR BETTER 
OVER ANY RUBBER 
DUCKIE 


TRIONYX INDUSTRIES 

6219 COFFMAN EOAD 
INDIANAPOLIS, IND. 46268 
317-291-7280 




INEWI 

products 


MFJ super keyboard 

The all-new MFJ Super Keyboard 
model MFJ-494 is a full-fledged key¬ 
board that sends CW, Baudot, and 
ASCII with fifty-character text buffer, 
thirty-character programmable mes¬ 
sage memory, four automatic mes¬ 
sages, two random code practice 
modes, speed and buffer metering, 
back-space delete function, and buff¬ 
er memory hold function. And just 
plug in your paddle and it's a full- 
function keyer. Simple one or two 
keystroke combinations execute all 
commands. 


in conjunction with the four automat¬ 
ic messages contained in the key¬ 
board. The four automatic messages 
let you call CQ, CQ TEST, QRZ and 
ID without using all of your program¬ 
mable memory. 

Two code practice modes let you 
increase your code proficiency, The 
first mode is pure random code with 
random length groups. The second 
mode is five-letter groups with eight 
separate repeatable lists (with an¬ 
swers) for checking your progress. 
Space between letters may be ex¬ 
panded to improve recognition in 
both modes and in the second mode 
you may select alphabet only or 
alphanumeric plus punctuation. A 
meter tells you your sending speed 
(speed may be set before sending be¬ 
gins) or just push a button and the 
meter tells you how much buffer you 



The 50-character text buffer can be 
filled prior to sending (pre-pro¬ 
grammed), or it can be filled at any 
given speed if you type faster than 
the code is being sent. When the 
buffer approaches full, the side tone 
pitch changes and a red LED comes 
on to warn you to slow down typing 
to prevent buffer overflow. 

The thirty-characters of program¬ 
mable memory provide enough mem¬ 
ory for contester or DXer when used 


have used and how much you have 
left. 

A lot of thought has gone into 
human engineering for the super key¬ 
board. For example, all controls and 
keys are positioned logically and 
labeled clearly for instant recognition. 
Pots are used for speed, volume, 
tone, and weight because they are 
easier to use than keystroke se¬ 
quences and they remember your set¬ 
tings even if power is lost or turned 












off. The MFJ-494 operates on 9-12 
Vdc or 110 Vac with optional ac 
adapter ($7.95). The same ultra reli¬ 
able keying circuit that MFJ keyers 
are famous for is used in the MFJ- 
494. If ordered from MFJ there is a 
30-day, money-back trial period. If 
you are not satisfied, you may return 
it within 30 days for a full refund (less 
shipping). MFJ also provides a one- 
year unconditional warranty. To 
order call toll free (800) 647-1800, or 
mail order with a check or money 
order to MFJ Enterprises, Inc., P.O. 
Box 494, Mississippi State, Mississip¬ 
pi 39762. 

RTTY/ADCII/ 

Morse reader 

Kantronics Mini-Reader is the size 
of a hand-held calculator (5.75 inches 
by 3.5 inches by 1 inch). The Mini- 
Reader reads and displays Morse 
code, radioteletype (at any shift or 
standard speed), and ASCII computer 
language. It computes and displays 
code speed, automatically tracks 
Morse code speed from 3 to 80 WPM, 
maintains lapse or real time on a 24- 
hour clock, and contains both an 
audio frequency counter (0-79 kHz) 
and a 250-Hz audio filter. The Mini- 
Reader operates on 8 to 18 volts dc. 

The Mini-Reader opens a world of 
Morse conversations. Amateur radio¬ 
teletype exchanges, UPl and AP news 
bulletins, official weather bulletins 
and warnings, ship-to-shore calls, 
special maritime bulletins, and on- 
the-air computer exchanges. 

The Mini-Reader comes wired, 
tested and warranted for a full year 
for only $314.95, suggested retail 
price. Write to Kantronics, Incorpo¬ 
rated, 1202 East 23rd Street, Law¬ 
rence, Kansas 66044. 

solder repair kit 

A line of solder repair kits for mak¬ 
ing fast, easy repairs on a variety of 
electrical and electronic connections 
in the home or workshop is available 


from Fry Metals, Inc., of Providence, 
Rhode Island. 

Fry Solder Repair kits feature triple¬ 
core solder dispensers that ensure 
continuous flux flow while soldering 
fine wires and other connections. 
They are offered in both 60 percent 
tin/40 percent lead, and 40/60 com¬ 
bination rosin dispensers; also includ¬ 
ed is a handy pre-mixed solder cream 
dispenser tube. 

Fry Solder Repair kits range in price 
from $1.30 to $4.50. For more infor¬ 
mation contact Fry Metals, Inc., 50 
Sims Avenue, Providence, Rhode 
Island 02909. 

receiver preamplifier 

Palomar Engineers announces a 
new receiver preamplifier which is 
continuously tunable and covers the 
short wave bands from 1.8 to 54 
MHz. It provides 20 dB gain with a 
dual gate FET for low noise figure. 
The gain and the low noise figure 
greatly improve reception on most re¬ 
ceivers, particularly on the higher fre¬ 
quency bands. The added selectivity 
reduces image and spurious re¬ 
sponse. 

Gain is continuously variable to 
prevent overloading the receiver. A 
step attenuator is also provided along 
with a selector switch for two anten¬ 
nas. Model P-305 operates from a 9- 
volt battery and is priced at $99.95. 
Model P-308 has a built-in 115-volt ac 
power supply and is priced at $109.95. 

For a free descriptive brochure 
write Palomar Engineers, 1520 G In¬ 
dustrial Avenue, Escondido, Califor¬ 
nia 92025. 

aluminum boxes 

A new line of precision aluminum 
boxes for electronic packaging, 
which can be made in any size with 
no tooling or set up charges, are 
available from Nordal. The box and 
removable cover are made of 0.032 
aluminum. These boxes can be used 
to package RF circuits, amplifiers, fil¬ 
ters, oscillators, magnetics and other 
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For the best deal on 

•AEA«Alliance»Ameco«Apple»ASP 

• Avanti*Belden*Bencher*Bird*CDE 
•CES«Communications Specialists 
•Collins«Cushcratt»Daiwa«DenTron 
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SPRING 

SPECIALS! 

STANDARD C7800 synthesized 
440-450 MHz Xcvr with 
memory/scan intro $399.95 
COLLINS KWM-380... call for 
Erickson's superb cash price! 
DRAKE TR-7/DR-7... call for 
great spring price 
TENTEC Delta 580 9-band super 

transceiver_only $759.95 

KENWOOD TS-830S new all 
band (including WARC) Xcvr: 
Now in stock... call for price! 
APPLE Disk Based System: 
Apple II or II Plus with 48k 
RAM installed and DOS 3.3, 

only _$1849 

APPLE Game Paddles available 

Quantities limited.. all prices subject to 
change without notice 
Erickson is accepting late model 
amateur radio equipment for service: 
full time technician on duty 

CALL TOLL FREE 

(outside Illinois only) 

(800) 621-5802 

HOURS: 9:30-5:30 Mon., Tues., Wed. & Fri. 


ERICKSON 

COMMUNICATIONS 

Chicago. IL 60630 

5456 North Milwaukee Ave. 
(312) 631-5181 (within Illinois) 
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NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built In TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 
Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 
We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St., Buffalo, N.Y. 14206 




products 


electronic circuits. The boxes can be 
used alone or mounted on a PC board 
to provide a shielded package with a 
removable cover. 

Write Nordal Electronics Company, 
9995 Monroe Drive #205, P.O. Box 
20175, Dallas, Texas 75220. 

multiple signal 
line protectors 

A complete line of signal line pro¬ 
tectors has been introduced by MCG 
Electronics. These devices provide 
complete interface protection for sig¬ 
nal/data/telephone lines; they pro¬ 
tect two-wire systems and RS232, 
RS423, RS422 systems. 

Models are available that can pro¬ 
tect as few as two independent 
twisted pairs. Housed in compact 
low-profile cases, all protectors can 
be installed by simply using a screw¬ 
driver. 

Applications include modems, 
computers, peripheral equipment, 
semiconductor devices, as well as all 
other sensitive equipment that inter¬ 
faces directly with telephone or signal 
lines. 

The units were designed specifical¬ 
ly to protect signal/data/telephone 
lines from transient overvoltages 
caused by lightning, heavy machin¬ 
ery, elevator motors, and generators. 
The protectors interface between the 
signal lines and the sensitive circuit 
that is to be protected. All protectors 
recover automatically to standby in 
preparation for further protection. 

Prices start at $59. Write MCG, 160 
Brook Avenue, Deer Park, New York 
11729. 

EZ CORD 

Colton Creators, Inc., has devel¬ 
oped and patented a product for safe¬ 
ly holding electrical cords. EZ CORD 
CONTROL holds all sizes of extension 
cords, amplifier cords, and other 


wires that can become a safety prob¬ 
lem. EZ CORD CONTROL eliminates 
tangles and offers a safe solution to 
the hazards created by unwound ex¬ 
tension cords. It is portable, and can 
also be mounted for use or storage. 

Practical uses include all lawn and 
garden equipment, power tools and 
appliances, microphones, battery 
cables, speaker and amplifier cables, 
drop light, and pool filter. It is also 
ideal for holding yarn, clothes lines, 
Christmas lights, ski tow ropes, 
mooring lines and anchor lines. Priced 
under $3.00. Write Colton Creators, 
Inc., 216 East Second Street, Mineo- 
la. New York 11501. 

short circuits 

satellite bearings 

In the article "Geostationary Satel¬ 
lite Bearings with the TI-58/59 Pro¬ 
grammable Calculator," which ap¬ 
peared in the April, 1981, issue, the 
following corrections should be made 
to the program: Line 028 should be 86 
STF and use instructions steps 5 and 
7 should display 23.2. Step 6 should 
display 252.8. 

synthesizer 

The following corrections should 
be made to the schematic in the arti¬ 
cle "Genesis of a Synthesizer," 
which appeared in the March, 1981, 
issue: The 2N2369 whose collector is 
connected to pins 9 and 10 of U15 is 
Q2; the other transistor inadventently 
marked "02" should be labelled Q3. 
The collector and base of Q3 should 
not be connected together. The con¬ 
nections between the 0.1 MHz 
thumbwheel switch and U10 are as 
follows: 8 to pin 6; 4 to pin 4; 2 to pin 
2; and 1 to pin 14. The input to U8 
should be on pin 6, not 8. "PE" of the 
left half of U4 and "PE 0U ," on the 
right are connected internally to pin 1 
of U4. The input to pin 15 of U15 
should be *=25 MHz. 
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The verdict is starting to roll in and it looks like a good one. As I write this several weeks before 
you see it, we're already starting to receive a number of our readers' questionnaires from the June 
issue. Thus far, an overwhelming majority of both ham radio and former HORIZONS readers have told 
us that they like our new combined magazine as well as or even better than before. Your comments 
have not come without some good criticism, but overall the consensus is quite positive. 

After meeting with many of you at hamfests, club meetings, and in the course of our normal busi¬ 
ness activities we had felt that this would be the case. However, as good as intuition may be, it is 
very reassuring to know for sure that you are on the right course. Equally reassuring, if not even a bit 
more so, is the news from our accounting department. After over two years of almost consistent bad 
news, primarily caused by Ham Radio HORIZONS, we have been in the black since the first of Febru¬ 
ary. It's quite exciting to have the whole ham radio organization back on a solid footing once again. 

I'm sure you have already noted the thicker magazine we have been able to put out several times 
already this year, thanks to our good response from advertisers. Not only will this mean more pages, 
but it will also allow us to add some excellent new features in the months ahead. For instance, in 
September we will be introducing a new license upgrading series by Robert Shrader, W6BNB. Bob's 
book, "Electronic Communication," published by McGraw-Hill, now in its fourth edition, has be¬ 
come the leading authority in both the commercial and Amateur license study field. Bob will be put¬ 
ting all his great experience in this area to work for you, and I'm sure you'll find this one of the most 
readable and rewarding parts of our magazine each month. 

In addition to a number of other good ideas that our own staff has been working on, you readers 
have given us a considerable number of new projects that are worthy of serious thought. We are 
finding a lot of excellent suggestions being enclosed with the many questionnaires we have received 
so far. Of course, these questionnaires are just starting to roll in now, so we'll probably really have 
our hands full in another week or so when we are looking at several times the number currently on 
my desk. 

While we are on the subject of the questionnaire I'd like to ask again that if you have not already 
filled it out, why not take a few moments to turn to page 49 of our June issue and give us your 
thoughts on ham radio's new look. It’s not often that you get an opportunity like this to help guide 
the future of what we hope is your favorite magazine. 

In closing I'd like to thank all of you for your encouragement and support during our rather difficult 
transition period. It would have been a much greater task for all of us here at ham radio if we didn't 
feel that you were behind us in our efforts to bring you the very best magazine in Amateur Radio 
today. 

Skip Tenney, W1NLB 
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In most respects, the state of the art of Amateur Radio equipment achieved the high-frequency operator's require¬ 
ments around 1954, with the introduction of the Collins 75A-4/KWS-1 combination. These big black boxes were 
stable, with repeatable frequency readout to less than one-half kHz. They offered outstanding performance on SSB 
and CW, were reliable, and were a joy to operate. In fact, a lot of them are still in active service. 

On the other hand they were large, expensive, did not offer transceive capability, and depended on "hollow state" 
technology. But they established a new benchmark of performance for Amateur equipment and inspired a succession 
of fine equipment, both from Collins and other manufacturers. Phone operators never had it so good. 

Neither did CW operators. At last - stable receivers; stable enough to make really sharp CW filters usable — and a 
new generation of fine CW filters as well! And, stable transmitter VFOs whose outputs stayed put. Use of heterodyne 
techniques instead of multiplier VFOs made CW signals clean and chirp free, even on 10 meters. 

The new SSB rigs required a new kind of amplifier, called a linear, and the old push-pull pair of 250THs was obso¬ 
lete. The new linears worked well on CW too, and didn't affect keying characteristics as did the old class C amplifiers; 
and they even had less TVl! The late fifties were great days for CWops for sure, thanks to all that new SSB gear. 

But then equipment design began to change. Collins brought out the KWM-1, and the dawn of the transceiver age 
arrived. It is certainly unnecessary to detail the success of this concept in high-frequency equipment. The conve¬ 
nience of operation for SSB and the reduction in costs and size made the concept a huge success. 

In design, the early transceivers treated CW purely as an afterthought. There was no provision for CW filters in the 
receiver section, nor was there any provision for moving the frequency of the receiver slightly to accommodate dif¬ 
ferent offsets. Little thought was given to waveform shaping of the keyed output. In justice, however, all the 
manufacturers of these transceivers also offered separate receiver/transmitter combinations that made fine CW 
equipment. 

Then, transceiver sales began to far outstrip sales of separates, largely due to economic considerations — a 
transceiver cost little more than a receiver or a transmitter. In response, the more enterprising suppliers offered provi¬ 
sion for CW filters in their transceivers and began to pay attention to the keyed waveform output. About this same 
time, paired separate receiver/transmitter combinations were discontinued, and this is pretty much where we find 
ourselves today. 

The current generation of transceivers, with few exceptions, have no capability for accurate zero-beating of another 
CW signal. The most guidance generally given is what the receiver offset is, if no receiver incremental tuning is in use. 
Beyond that, you're on your own. 

What is the result of this? We have CW QSOs where the two stations walk up the band in tandem, each recentering 
the other in his receiver at each over. CW ops using transceivers usually end up getting creamed in pileups, because 
they can't accurately place their transmitted frequency. Even worse, many CW QSOs use two frequencies, separated 
by as much as 500 Hz, when only a single frequency is needed; but the transceiver-equipped operators can't find it. 
Obviously, this causes QRM. 

Today, we even have a situation where two major manufacturers offer separate receivers matched to their 
transceivers, but with absolutely no realistic way to zero the transceiver's output in the "matching” receiver. What, 
then, is the value of the separate receiver? 

There are ways to cure these deficiencies. The simplest technique is to see that the audio CW monitor is precisely 
equal in frequency to the differential frequency of the offset used between the transmitted and received frequency, 
with provision to key the monitor only. This is the method offered in the new Collins KWM-380. 

A deluxe technique that would make transceivers as useful on CW as separates would be to make variable both the 
frequency of the CW monitor and the offset differential, with perfect tracking, so that the audio monitor only could be 
keyed, and then adjusted to zero beat the received station precisely. The additional cost would be negligible, and 
these techniques would work equally well with outboard VFOs. 

Bob Locher, W9KNI 
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protecting Amateur 
Radio 


Dear HR: 

Where are the hams with legal 
training, lawyers who understand 
electronics and who have a desire to 
serve the Amateur community while 
possibly making a buck, who have 
imagination and verve? 

It was depressing to read in ham 
radio, March, 1981, a brief statement 
concerning an Amateur who had 
been sued by a neighbor for causing 
interference in the neighbor's stereo. 
The Amateur was ordered by a judge 
to cease operation. This item seems 
quite newsworthy to the Amateur 
community, but it happened in 1977 
and I had not previously been aware 
of it. * 

Some of us have heard of situa¬ 
tions where hams have been forced 
to choose between giving up the 
hobby or spending large amounts in 
legal fees to fight for their rights, but 
there has been no communication of 
the facts to Amateurs on a current, 
national basis. Those situations evi¬ 
dently arise infrequently and in widely 
scattered areas so none of us know 
the full story. We need to become 
aware before many legal rulings be¬ 
come precedent setting, adversely af¬ 
fecting all of us. What is needed is a 
central clearing house where hams 
experiencing problems can seek and 
find relief through action taken by 
professionals in the fields of electron¬ 
ics and law. If every ham were to par¬ 
ticipate, the necessary supporting fee 
would be very low, and every ham 
could be encouraged to participate 
regardless of affiliation or lack of affil¬ 
iation in any other organization. We 
must all stand together. If support 
were denied to any ham, and he were 
to lose in court, undesirable prece- 


weeks, will keep you posted < 
in Amateur Radio. 


dents could adversely affect all hams. 

In organizing there can be great 
strength, to wit, the National Rifle 
Association. We need such strength 
to protect us from the avarice of man¬ 
ufacturers who could build stereos 
immune to interference but reject 
that idea as too costly. Remember 
the rampant TV| problems of years 
ago? Nearly non-existent now, in part 
because of improved TV receivers. 

If the logic used by the judge order¬ 
ing an Amateur to cease operations 
were to be carried to its ultimate, we 
could shut down the airjines. At least, 
they come in 5 by 9 in my stereo. 

We need to become organized. 
Won't someone take the initiative? 

Donald E. Thomas, K2JIY 
Millville, New Jersey 

Two organizations are available to 
help Amateurs with legal problems 
related to Amateur Radio: the ARRL 
through its Membership Services sec¬ 
tion and the Persona! Communica¬ 
tions Foundation (PCF), which pro¬ 
vides an Amateur's attorney with 
information pertaining to the Ama¬ 
teur's problem. This information is 
furnished by attorneys who are mem¬ 
bers of the PCF. The PCF may be 
reached through Mr. Joe Merdler, 
Suite 203, 9036 Reseda Blvd., P.0. 
Box 812 Northridge, CA 91328. The 
phone number is 1213) 349-6950. 


county awards 

Dear HR: 

I am the Western States county 
award manager for the CHC award 
program. The CHC award program is 
active again through the efforts of in¬ 
terested Amateurs now assuming 
various responsibilities since the 
death of the former manager, Cliff 
Evans, K6BX. 

The Western States part of the 
county award program encompasses 
Alaska, Hawaii, California, Oregon, 
Washington, Nevada, Arizona, Utah, 
Idaho, Wyoming, and Montana. The 
awards are available to both licensed 
Amateurs and SWLs. 


Also available are the 10K and 20K 
U.S. Pacific awards, which are issued 
for confirmed contacts with 10, 20, or 
more of those prefixes issued to 
Amateurs in the islands under the jur¬ 
isdiction of the U.S.A. 

Another fine award is our version 
of the A-1 operator award. This is 
quite different from the ARRL A-1 
Operators' Club, and is structured to 
allow recognition of superior Ama¬ 
teur operating practice by any three 
Amateurs. 

Details on these and other awards 
in the program are available for an 
SASE to Scott R. Douglas, Jr., 
KB7SB, Post Office Box 46032, Los 
Angeles, California 90046. 

We hope to hear from you. 

Scott R. Douglas. Jr., KB7SB 
Los Angeles, California 


good work 

Dear HR: 

I am surprised about your com¬ 
bined magazines. It will be great if 
some of the really good features of 
HORIZONS are put in your magazine, 
like DXer's Diary, and mixed-general 
ham radio and technical features. 

I am looking forward to getting 
your great magazine! 

Donald Youtkus, KA2GSX 
Scotch Plains, New Jersey 

wearing cans 

Dear HR: 

I'm writing in reference to the arti¬ 
cle on better audio for mobile opera¬ 
tion that appeared in ham radio, Feb¬ 
ruary, 1981, pages 48-49. Although 
reference is made to some head¬ 
phones, such as Sennheiser, not 
blocking out road noises, I think your 
magazine should point out that in 
many states (including Illinois) it is il¬ 
legal to drive an automobile while 
wearing headphones (whether they 
block out road noises or not). Read¬ 
ers should be warned to check local 
and state laws before setting out 
wearing "cans." 

Ken Van Andel, WB9FRV 
Aurora, Illinois 
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ARRL’S BOGUS-QSL INVESTIGATION continues, with three DXers now suspended from the DXCC 
program. A prominent DXpeditioner has resigned from DXCC, and still others are being 
checked for apparently submitting questionable cards for credit. 







FSK adapter 


for 

SSB transmitters 

An easy method 
for exploring RTTY 

I wanted a new mode of operation for my station. 
I've been thinking about a microcomputer for both 
domestic and radio use, and two recent FCC rulings 
made me interested in RTTY. 

My station was designed for SSB or CW only, but 
there should be a way to operate RTTY using an 
audio modulator-demodulator, or modem. The fol¬ 
lowing article describes how I did it. I hope others will 
follow suit. 

the modem 

The FCC now allows ASCII seven-bit code on high- 
frequency Amateur bands at 110 or 300 Baud.* ASCII 
is similar to the five-bit Baudot code of mechanical 
teleprinters, but has the advantage of being able to 
communicate with all modern computer systems for 
character transmission. This might be a break¬ 
through for Amateurs who want to use their com¬ 
puters for communicating rather than for the more 
conventional purposes of logging, satellite tracking, 
or home games. 

I decided to build a modem that would make possi¬ 
ble FSK using my SSB equipment. I'd read that some 
Amateurs use audio tones for FSK, and so an audio 


•ASCII is an acronym for "American Standard Code for Information Inter¬ 
change." A Baud equals bits per second in this code. 


modem seemed a good route. A keyboard for 
character generation and a CRT display would com¬ 
plete the FSK adaptation. This would work with 
either ASCII or Baudot. 

The second FCC ruling on FI emissions indicated 
that this was the correct choice. FI emissions are 
allowed on high-frequency bands, but the ruling 
states that audio tones into the audio input of a 
single-sideband transmitter must have good carrier 
and unwanted sideband suppression to qualify for FI 
emission. Certain precautions would be required to 
meet these criteria. 

This article concerns the modem design and 
describes how to incorporate the modem into a com¬ 
plete video terminal for either ASCII or Baudot. Such 
a system could eventually lead to exchanging com¬ 
puter programs over the air. 

design concepts 

Modem design began with the following primary 
goals: 

1. Use a single 5-volt power supply. 

2. Use a minimum number of ICs. 

3. Use TTL-compatible interfaces for expansion. 

4. Use audio-frequency operation for standard SSB 
equipment input and output. 

The demodulator is a single chip made for this pur¬ 
pose, an Exar XR-2211 demodulator/tone decoder. It 
contains a preamp, phase locked loop (PLL), and 
comparators. Preamp dynamic range guarantees 
tracking with 3 mV - 3 volt rms input levels. Center 
frequency, bandwidth, and output delay are inde- 


By Thomas B. Zeltwanger, WA3PLC, Box 62, 
State College, Pennsylvania 16801 
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pendently set; breadboarding and alignment are very 
easy. 

Receiver audio output is connected to the audio in¬ 
put, A, of fig. 1. Normal FSK shift frequency is 170 
Hz, so a CW receiver filter worked best. Its narrow 
bandwidth reduces noise and allows the demodula¬ 
tor to track the audio mark and space tones faithful¬ 
ly. Different receiver filters may require different cen¬ 
ter frequency adjustments (R7). Demodulator center 
frequency is given by: 

r - 1 (11 

J0 C3(R6 + R7) 

All values are in Hz, farads, and ohms. (I started with 
900-Hz center frequency but had to decrease this to 
750 Hz for my receiver.) 

Tracking bandwidth for shift frequency f s is deter¬ 
mined by R5 and is given by: 

R5 = (R6 + R7)(fo/fs) (2) 

Other values were taken from the XR-2211 specifica¬ 


tion sheet. A useful feature is the PLL lock signal: A 
LED connected to pin 6 is used for a tuning indicator. 
Serial-data output goes to the video board and is ex¬ 
plained later. 

modulator section 

The current-controlled oscillator section of an 
LM567 tone decoder, U3, generates mark and space 
tones of 2125 and 2295 Hz. C8, RIO, and R11 set the 
2295-Hz frequency with Q1 cut off. When Q1 is con¬ 
ducting, C7 is in parallel with C8, and the frequency 
shifts down by 170 Hz. C7 may have to be trimmed 
slightly for the correct shift. 

Ideally, a pure sine wave should be used for modu¬ 
lation. U3 produces a triangular waveform. A tri¬ 
angular shape, or any continuous waveform, can be 
thought of as a combination of harmonics differing in 
amplitude and phase. A triangular waveform can be 
expressed by the Fourier series: 

V = 2 A- sin (wot) 13) 

where: 

i = 1, 3, 5, 7,...(harmonics, 1 = fun¬ 
damental) 

A = normalized peak amplitude of fun¬ 
damental signal 

= 2tt/o = radian frequency of fun¬ 
damental signal 

t = 1/fo = period of waveform 

The triangular waveshape is composed of the funda¬ 
mental and odd harmonics. Calculation indicates that 
the third harmonic of 2125 Hz is 1 /9th the power 
level of the fundamental, or down 9.5 dB. 

Buffer amplifier U4 isolates the oscillator and pro¬ 
vides a means of setting transmitter audio input level. 
Legal operating practice requires a bandwidth under 
3 kHz. The RC lowpass filter, R13, CIO, smooths har¬ 
monics; the - 3 dB point is at 3386 Hz. 

calibration 

The modulator must be calibrated with a frequen¬ 
cy counter or accurate oscilloscope. With Q1 cut off, 
RIO is set for a 2295-Hz tone. With Q1 conducting 
through the serial-data input gate (input ground, out¬ 
put to Q1 base high), a value of C7 is found to lower 
the tone to exactly 2125 Hz. 

My calculations indicated a 0.0037-jiF cap should 
do the job. A 0.005-/iF was tried, but the shift was 
too great, according to one Amateur with a tunable 
i-f filter. A 0.0015- and 0.0022-pF cap in parallel 
worked fine.* 


this trimming. Editor 
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Front panel of the modem box. All switches are acces¬ 
sible. A tuning indicator is included, which is helpful 
when receiving narrowband signals on RTTY. 


Volume control level R12 should be set for an equi- 
valent-to-strong voice input. Adjust this pot with 
caution, since the RTTY duty cycle is 100 percent and 
can strain the final. It's the same as CW operation 
with the key held down continuously. I turn down 
the drive power input; the final still runs very warm. 

Demodulator center-frequency adjust pot, R7, is 
the only adjustment used for receiving. Tune the 
receiver so that both FSK tones are in the receiver 
passband. Adjust R7 for maximum LED intensity or 
until characters are visible on the monitor screen. 

operation 

Best reception is obtained with the narrowest 
receiver filter available. I use a 500-Hz i-f filter and 
CW mode — sometimes with an additional audio 
filter. Transmission must occur in the sideband 
mode. 

Provisioris have been included for inverting the 
FSK tones, as indicated by the jumpers and alternate 
data outputs in fig. 1. (This is required for frequency 
offsets and filter bandwidths in different receivers 
and transmitters.) 

Upper sideband mode was first tried for both 
transmitting and receiving, but I couldn't use my 500- 
Hz receiver filter in the SSB mode. Reception is now 
in CW mode, and transmission is on lower sideband. 

I offset-tune the receiver to zero-beat received sig¬ 
nals. Tones are "right-side-up" in CW/LSB; that is, 
the higher tone is higher on the dial; they are inverted 
when using USB. Keep this in mind, because the 
demodulator will be working fine but printing will be 
garbled. 

In CW/LSB, the idle (mark) tone will be lower in 
frequency, and jumper 1-2 is used. Demodulated 
output is taken from B (fig. 1). 


test results 

On-the-air tests have been encouraging. The nar¬ 
row receiver bandwidth makes tuning somewhat crit¬ 
ical but is eased appreciably by the LED indicator. 
After a few hours' experience, I became familiar with 
the response and had no real problems. 

Very weak stations can be copied, but the PLL 
tends to unlock from noise. I've copied strong sta¬ 
tions in 60 wpm Baudot for as long as an hour and a 
half with no loss of information. At higher Baud 
rates, the noise on 40 meters becomes a problem, 
but copy is still possible. I've also copied ASCII at 110 
Baud on 20 meters. 

ASCII reception was over 95 percent error-free 
under normal circumstances. Most RTTY on the hf 
bands has been heard between 14.075 and 14.100 
MHz, including many DX stations. I have not yet 
heard anyone using 300-Baud ASCII. 

some uses 

The modem will interface with any TTL-compatible 
serial video terminal. It can also be used with a tele¬ 
printer to replace an RTTY converter; input and out¬ 
put must be modified for the 20-mA current loop in 
teleprinters. 

Keyboards are readily available from surplus deal¬ 
ers for under $50. Video monitors with 12-MHz mini¬ 
mum bandwidth may be used for the display. The 
most expensive part of my FSK system is the video 
board. 

Video boards are made in many configurations. 
The one I used is the Xitex SCT-100 and seems to 
have been designed with the Amateur operator in 
mind. It's capable of both ASCII and Baudot opera¬ 
tion; its speeds are 60 and 100 wpm in Baudot, 110 or 
300 baud in ASCII. It may be purchased in kit form or 
fully assembled. 



Printed-circuit board of the FSK modem. The two ICs 
at left make up a computer interface, allowing the 
video terminal to be used on the air or as a computer 
console. 
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A block diagram of my terminal system is shown in 
fig. 2. The modem is installed between the video 
board and all other equipment. The "key" is any 
switch connected to terminal D in fig. 1, and is used 
for calibrating the modulator tones. 

The same system, less transmitter and receiver, 
has been used as a microprocessor terminal with no 
problems. Future applications will include the addi¬ 
tion of a cassette tape, instead of paper tape, for 



prerecorded messages. Limited tests indicate that 
this is feasible. 

some final thoughts 

My system works well but my station is in an apart¬ 
ment, with the antenna about ten feet (3 meters) 
from my rig. Rf shielding was a problem, because the 
video board generates a lot of RFI on 20 meters. I've 
heard the same complaint from others using com¬ 
puters on RTTY. Tests at another location indicated 
that RFI is minimal with the antenna farther away 
from the transmitter. 

PC boards are available from the author for $5.00 
plus postage. All circuit components are readily 
available from hobby dealers. 

I'd like to extend special thanks to K4YI and 
K0WVN, who were very helpful with my first on-the- 
air tests. 

video board suppliers 

Xitex Corporation (manufacturer), 13628 Neutron, 
Box 402110, Dallas, Texas 75240. Mini Micro Mart, 
Incorporated, (distributor), 1618 James Street, 
Syracuse, New York 13202. 
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Solid advice 
for 

mail-order buyers 


shopping for parts 

by mail 


To many hams, buying parts simply means a trip to 
the local franchised radio store, where the counter 
salesman is given a parts list to fill. All too often, 
however, the enthusiasm for your latest project is 
spoiled either by "out-of-stock," or by high prices. 
The instant-delivery convenience of the round-the- 
corner radio store is frequently paid for in great cost 
of both dollars and wasted time. 

What to do? It's a good idea to preplan construc¬ 
tion projects far in advance; to develop a complete 
parts list, with a breakdown into separate lists — 
those that are best filled by mail-order means, and 
those that are best filled locally. 

I'm not knocking local buying; there are many 
occasions when it is best to shop locally. I'll cover the 
development and breakout of parts lists for mailorder 
purchase, present some tips on making parts substi¬ 
tutions, offer some general mail-order buying hints, 
and discuss the pros and cons of buying in advance 
of needs. Also I'll discuss the problem of component 
identification. 

The list; getting it together 

Most published construction projects include an 
itemized parts list that states each part's nomencla¬ 
ture, size, value, required voltage, current, or power¬ 
handling capacity, and other necessary information. 
Some projects even list brand names and recom¬ 
mended sources for difficult-to-obtain components. 

The basic parts list can be broken down in several 
ways — by type of component, or — in the way I 
prefer — into two lists: by parts that are best locally 


procured, and by those that are best acquired by mail 
order. The two lists can be broken down again by 
type component to facilitate shopping and ordering. 
You must know something about the electronic mar¬ 
ketplace to set up the lists, of course, and it helps to 
have on hand a generous selection of current cata¬ 
logs and flyers to sort out which components should 
go on which list. 

Having a good-size pile of catalogs will enable you 
to find almost any desired part in one of them and 
will often allow you to locate a single mail-order firm 
that may have all, or nearly all, of what you need. 
Having a variety of catalogs also allows you to easily 
make price comparisons. 

Table 1 is a list of dealers. Many offer free catalogs 
that can be obtained by filling out the reader service 
cards found in electronic and Amateur-Radio 
magazines. 

After thoroughly checking your junkbox, the buy- 
local list is used first, so that out-of-stock items can 
be identified and added to the mail-order list. You'll 
want to at least scan the mail-order flyers and check 
out local sales and hamfests to see if any bargains 
turn up that would suggest switching an item from 
one list to the other. It pays, too, to consolidate mail¬ 
order "buys," due to steep postage charges, mini¬ 
mum order limits, and handling fees. The word is: 
plan ahead. 


By Karl Thurber, Jr., W8FX, 317 Poplar Drive, 
Millbrook, Alabama 36054 
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parts substitution 

This discussion leads to the question of substitut¬ 
ing components. It's especially important when it 
comes to buying by mail, since it's inconvenient, 
time-consuming, and expensive to return wrong- 
choice components — not to mention the frustration 
involved. It's a fact that most small parts that aren't 
right usually end up in the junkbox, since it's normal¬ 
ly not worth the effort to return them — and what's 
in the junkbox is seldom what's needed for a given 
project. 

over-rated components 

Generally speaking, over-rated parts can be used 
in electronic projects. For example, a 1-watt carbon 
resistor can be used instead of a Vi -watt carbon re¬ 
sistor of the same resistance. A 100-volt, 0.01 micro¬ 
farad Mylar capacitor can be used in place of a lesser¬ 
rated one, such as a 25-volt, 0.01 microfarad Mylar, 
assuming that the tolerance range (usually ± 10 or 20 
per cent! is maintained and that the larger compo¬ 
nent will physically fit its allotted space. Both resis¬ 
tors and capacitors can be connected in parallel or 
series to yield new values. And what about those 
confusing decimal equivalents? Table 2 shows popu¬ 
lar electronic metric conversions you'll need. Get 
them right when shopping by mail! 

Be careful when substituting components with 
over-rated ones when the device is supposed to per¬ 
form a specific function at a certain value of voltage 
or current. In this case, a larger unit would not do the 
job. Zeners and other voltage- or current-regulating 
devices would fall into this category. 

active components 

As for active components, similar guidelines hold, 
as long as the substitute has equivalent parameters. 
For example, a transistor that has a maximum collec¬ 
tor current (I c ) of 600 mA can be used as a substitute 
for one having a maximum I c of 400 mA, providing 
that other specifications are comparable — such as 
power dissipation, current gain, maximum collector 
voltage and frequency. 

literature 

It pays to have a set of semiconductor reference 
books to enable quick substitution decisions. With so 
many construction projects stated in terms of widely- 
available Radio Shack component types, it's good to 
have on hand the Archer Semiconductor Reference 
Handbook. This book is a guide to Radio Shack's 
semiconductors and it's also a useful cross-reference 
and substitution guide for over 100,000 devices.* 


•Radio Shack, 1400 One Tandy Center Fort Worth, Texas 76102. 


Pin connections and detailed data are provided for 
ICs, diodes, SCRs, LEDs, and other semiconductors. 

Other references are ARRL's Electronics Data Book 
and Radio Amateur's Handbook, and Bill Orr's Edi¬ 
tors and Engineers Radio Handbook, as well as vari¬ 
ous Sams and TAB substitution handbooks and 
specifications manuals. Manufacturers' reference 
books and data sheets are needed if you're really into 
electronic construction. 

The Allied Electronics catalog and engineering ref¬ 
erence book is another candidate for your book¬ 
shelf.' 



If the equipment designer or article author has 
pointed out critical components, don’t change them! 
Otherwise, making intelligent substitutions for the 
exact parts specified is all right. Hams are supposed 
to be experimenters! 

mail-order buying tips 

Buying electronic parts and components by mail is 
no more difficult than buying anything else this way: 
you write out your order, enclose a check, money 
order, or charge-card number, and mail it in. In any¬ 
where from a few days upwards, you receive the 
parts. 


I Allied Electronics. 401 East 8th St. Fort Worth, Texas 76102. 
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1C DE-SOLDER KIT 



PC-board-mounted components are usually bargain- 
priced since it's difficult to economically remove and 
reuse them. 1C desoldering kit shown here has special 
tools for removal of in-line ICs, "TO" packages, transis¬ 
tors, and also includes a special device that melts and 
straightens bent tabs end leads to facilitate removal of 
delicate components, such as diodes (photo courtesy 
UngerDiv. Eldon Industries. Inc.). 


A few pointers regarding direct-mail buying are in 
order. In setting up your list, have a copy of the deal¬ 
er's latest catalog or flyer at hand, and use one of his 
order blanks to place you order. Use his part num¬ 
bers, especially if they are different from, or in addi¬ 
tion to, the generic part numbers. Accuracy in stat¬ 
ing what you want is paramount! 

Be sure to carefully check your arithmetic in pric¬ 
ing the order, and observe minimum-order, postage, 


handling, and sales-tax requirements. Failure to do 
so can result in embarrassment and delay. Enclosing 
a little extra to allow for small price changes or in¬ 
creased postal or UPS charges isn't a bad idea and 
saves later correspondence. Most firms will refund 
unused amounts to the penny. For very small orders, 
ordinary first class mail (not parcel post) is quick and 
inexpensive. 

substitutions 

If you will accept substitutions in filling your order, 
so state and indicate the range of acceptable 
choices, without requiring the order-filler to go 
through a logic tree to figure out just what is okay 
with you. State specific "kill" instructions, such as 
"fill within 10 days or cancel order" or "ship in-stock 
items and cancel balance of order," or the like. If 
uncertain as to an item's availability, a phone call or 
postcard will allow you to check on the stock. If you 
have questions or correspondence that don't pertain 
to the order, place them on a separate sheet of paper 
to expedite handling. 

consumer protection 

There are some important mail-order consumer 
protections. Since 1975, direct-mail firms have to fill 
orders within 30 days or offer a refund. If the com¬ 
pany can't fill the order within 30 days, or within the 
time frame promised, you must be sent a return post¬ 
card allowing cancellation and offering a refund. 
There are some exceptions — such as when buying 



Industrial and military surplus, represented by this se¬ 
lection of meters and oil-filled capacitors, abounds in 
the flyers issued by direct-mail dealers. Savings over 
store prices can be astounding, but a bargain is a bar¬ 
gain only if it can be used. Stock up on the good deals 
if you like, but exercise care and good judgment in do¬ 
ing so i W8FXphoto). 
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COD — but most merchandise is covered. 

If you receive a "dud" part, or have a complaint, 
contact the company first for adjustment. Most want 
to please, but salespeople are human, parts do fail, 
and mistakes can occur. Give them a chance to 
"right" the situation before becoming aggressive in 
pursuing your grievance. If doing this doesn’t yield 
satisfaction, you can, as an initial step, fill in a Con¬ 
sumer Service Card (PS Form 4314) at your post of¬ 
fice. By completing and returning it, the Postal Ser¬ 
vice will look into the matter, dealing directly with the 
company. If fraud is suspected, it may refer the mat¬ 
ter to postal inspectors. 

What if all you have for the company is a post 
office box number? You can usually get the name 
and address of a principal by contacting the maga¬ 
zine that runs the firm's ads. It's also possible to 
obtain this information on commercial boxholders 
without charge from postal authorities. Contact your 
postmaster for help. 

telephone orders 

Worth noting is the fact that if you place your 
order over the phone, you do not have the same pro¬ 
tection, since you didn't use the mail to place the 
order. Fraud is still fraud, of course, and fradulent 
use of the charge card may place the bad-boy firm in 
other kinds of trouble. Using over-the-phone charge 
cards is fine, in my opinion, for mail-ordering major 
items, but ordering large numbers of small compo- 



Many direct-mail distributors frequent the hamfest cir¬ 
cuit. operating sales tables side-by-side with the indivi¬ 
dual swapper. If you can't get what you need by mail¬ 
order, you may luck out at the next 'fest. Catalogs, fly¬ 
ers, parts specification sheets and bargain lists are 
always free for the asking. And, hamfests are great 
places to become familiar with the ins-and-outs of ham 
radio. Swap meets, technical forums, and dealer dis¬ 
plays are staples at most ( photo taken at 1979 Colum¬ 
bus, Georgia Hamfest by W8FX ). 



Buying surplus, component-laden PC boards "just for 
parts" is fine, if it's recognized that delicate parts such 
as integrated circuits, transistors, and diodes may be 
damaged or rendered useless in their removal from the 
circuit board. Special desoldering tools are required to 
do the job right, as shown by this array of Ungar gear. 
Desoldering tool, similar to a regular soldering iron, 
allows one-hand operation; other hand is free to lift 
components. The desoldering bulb is shown in three 
configurations, as a separate attachment, installed on 
the desoldering toot, and as a separate unit for use with 
regular irons. Bulb removes solder by a vacuum action 
t photo courtesy Ungar Div. of Eldon Industries, Inc.). 


nents by phone can lead to confusion and mistakes 
in filling the order. This is especially true if it's a tape 
recorder that's taking your order. 

if problems occur 

It pays to check out a firm in advance, especially 
before placing a substantial order. Most of the adver¬ 
tisers in the Amateur and electronics publications are 
reputable. It's a relatively small, specialized market, 
and laggards will eventually be driven from business 
if they offer less than prompt, reliable and honest 
service. However, if you do have problems, you can 
take several courses of action after trying to resolve 
matters with the company. You can contact the 
magazine that ran the company's ads; write state or 
local consumer agencies; call or write a "consumer 
action line," such as operated by many newspapers 
and radio/TV stations; contact the Better Business 
Bureau; write the state Attorney General; complain 
to industry or trade associations; or write to the fed¬ 
eral Office of Consumer Affairs (Washington, D. C. 
20506). You can also contact the Mail Order Action 
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Line, 6 E. 43rd St., New York, NY 10017, a con¬ 
sumer-assistance program organized by mail-order 
companies interested in preserving the industry's 
good name. 

in summary 

Here are some general mail-order buying guide¬ 
lines that should contribute to successful results with 
a minimum of headaches: 

1. Check out the company and its reputation. Have 
you seen their ads before? Is there a street address 
and phone number listed, or just a post office box? 
Think before mailing in your hard-earned dollars. 

2. Understand the firm's return policy. Is there a 
money-back guarantee? What about a restocking 
charge? 

3. Double-check your order before mailing or calling 
it in. Have you provided a street address? Many firms 
use UPS for delivery, and they usually need a street 
address not a post office box number. 

4. Send a large-enough remittance. But enclosing a 
blank check to be filled in with the exact amount by 
the firm is risky. COD is okay, but these special 
charges add to the cost of the order. Never send 
cash. A money order or cashier's check will help 
speed delivery, as will ordering by charge card. 

5. Allow sufficient time to get the merchandise. Real¬ 
ize that it may take a few weeks to clear your person¬ 
al check, process your order, and actually get the 
parts to you. On "special deals," look for guaranteed 
delivery times (and prices) or the caveat, "quantities 
limited." 

6. Always keep a copy or record of your order, show¬ 
ing the date you sent it in, what you ordered, and 
your check number. 

7. Hold onto your charge-account records and can¬ 
celled checks. You may need these papers later on. 
Never send in the originals when inquiring about your 
order. 

8. Many companies routinely issue small refunds in 
the form of credit slips. If you don't want them, say 
so in advance on your order form. However, you may 
want to accept the slips from those firms that allow 
the slips to be applied to your next order at more than 
face value, a sort of "consolation" for the out-of- 
stock problem. 

buying in advance: 
does it pay? 

The answer to this question is a crystal-clear "yes 
and no." A bargain isn't a bargain unless it can be 
used. The suppliers' catalogs and flyers are filled with 


bargains — parts by the bagful, manufacturers' sec¬ 
onds, unbranded and unlabeled components, sur¬ 
plus PC boards, and hundreds more — sometimes 
top-grade components for your next project at prices 
that are hard to beat, sometimes not. It's best to 
steer a middle course, taking advantage of quantity 
discounts and attractive parts "specials" on a highly 
selective basis, resisting the urge to squirrel-away 
and stockpile more than you could ever use. 

Despite the bargain-filled flyers, direct-mail parts 
suppliers often have to backorder specific items to 
the intense displeasure of their customers — you and 
me. Thus, it's often not a bad idea to pad your order 
with limited quantities of widely-used chips, transis¬ 
tors and other parts for future use. Doing this is logi¬ 
cal when you are trying to build up your order to min¬ 
imum purchase levels, sometimes $10 or $15 or even 
more. Also, consider combining club construction 
project orders and those for friends. Quantity dis¬ 
counts may sometimes be brought into play. Grab- 
bag specials on assorted parts can help put your 
junkbox into first-class shape. Practically every mail¬ 
order outfit offers a variety of plastic bags full of 
diodes, capacitors, resistors, potentiometers, tran¬ 
sistors, ICs, and other small components. 

A few words of caution apply. Buying these good¬ 
ies is of use only if you are building up a spare parts 
inventory, not to yield components for a specific 
project. Rarely will you come out with just what you 
need from a grab-bag. Carefully check the descrip¬ 
tion of what's in the bag. For example, are the com¬ 
ponents assorted popular values, or are they all of 
one unusual (and possibly unusable) value? Are the 
leads cut too short, good for use in PC board wiring 
only? To what tolerance are the component values? 
And, are the components new, used, or seconds? 

For the beginners, assortments of hardware, hook¬ 
up wire, small switches, knobs, low-wattage carbon 
resistors, ceramic disc and polystyrene capacitors, 
high-capacitance, low-voltage electrolytic or tanta¬ 
lum capacitors, popular transistors and common ICs, 
carbon potentiometers, and small transformers are 
good for starters. 

A $15 or $20 investment in plastic bag compo¬ 
nents, if the choices are made wisely, represents 
money well spent. Realize that there isn't much re¬ 
course for a bad selection. You take what you get 
and chalk up the results to experience. It's a good 
idea to check out plastic bag components for proper 
value, shorts, open circuits, and physical damage 
before using them in construction projects. 

component identification 

Most direct-mail firms carefully label and package 
components they ship so that you will have little 
problem in identifying the parts you receive. General- 
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ly speaking, ICs are labeled, transistors stenciled or 
mounted on labeled cardboard sheets, capacitors im¬ 
printed with their values, resistors and transformer 
leads color coded, and so on. Exceptions are diodes 
and some bulk-sale components, especially ICs, 
coils, and capacitors, which may not be labeled. 
These present real problems in component identifica¬ 
tion for all but the most knowledgeable experimen¬ 
ter. Special color codes exist for some diodes, how¬ 
ever, and capacitor and coil values can be measured. 
But determining 1C and transistor types can be 
sporty, to say the least. Buying surplus PC boards is 
risky, too. Identifying and safely removing the com¬ 
ponents is sometimes a real challenge. Most resistors 
and capacitors are prominently color-coded for easy 
identification. 

Coding and values for other components, such as 
hookup wire, transformers, pilot lamps, and diodes 
can be found in the ARRL Handbook and the Editors 
and Engineers Radio Handbook, as well as in other 
radio-electronic reference books. Identifying the val¬ 
ues of unknown/unmarked components, like capaci¬ 
tors, coils, and chokes is an art unto itself. However, 
ARRL's LCF Lightning Calculator provides the data 
needed to make many tricky identifications, when 
used in conjunction with a grid-dip oscillator or other 
rf source. 

closing remarks 

We've only scratched the surface. But you should 
have a good idea of the facts to consider when lining 
up parts for your next construction project. 

Buying parts by mail-order can be a money-saving 
and interesting way to help complete your electronic 
projects. Provided you recognize the rules of the 
game, direct-mail buying can even be fun. Give it 
atryl 

ham radio 


did anyone hear Amelia? 

For the last several years, Paul L. Briand, Jr., 
Professor of English at the State University of 
New York at Oswego, has been conducting re¬ 
search into the disappearance of Amelia Earhart 
in 1937. Amelia Earhart, the first woman to fly 
the Atlantic, was last heard from while crossing 
the Pacific on the final leg of an around-the- 
world flight. Any shortwave listeners who 
might have heard her transmissions in early 
July of 1937 (her call letters were KHAQQ) are 
asked to contact Dr. Briand Department of 
English, SUNY College, Oswego, New York 
13126 (telephone 315-343-0635). 
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10-meter preamp 

for the FT-101E 


Easy mods 
for improving the sensitivity 
of this popular radio — 
and others as well 


This article does not provide construction details for a preamplifier; 
rather it describes how to install a preamplifier in an FT-101 
transceiver. The preamp chosen by the author was described in the 
March, 1979, issue of OST by Doug DeMaw, W1FB. If you don't 
wish to use the referenced amplifier, others are available in kit form. 
Some examples are the Hal-Tronix HAL-PA-19 or the Hamtronics 
P-30. Editor 


During a 1979 10-meter contest, my station was 
operated for the first time in the full-power, multi¬ 
operator category. My partners in this effort were 
KA1BMB, WA1YEC, and WB1GIF. Before the con¬ 


test began, we felt that all was in readiness, having 
set up the amplifier and antenna in plenty of time 
(that afternoon). The first hint of trouble came about 
an hour into the test when we calculated our less- 
than-astonishing rate of 25 QSO's per hour. Maybe 
it's the band? The second hint was the phone calls 
that started coming in, asking why we were calling 
CQ over the JAs, etc., who were calling us. One-way 
propagation? 

The real problem, of course, turned out to be the 
rather poor IO meter sensitivity of my FT-101E. After 
talking with other FT-101 owners, I found this to be a 
relatively common problem in an otherwise well- 
engineered transceiver. 

design considerations 

A preamplifier seemed to be the logical remedy for 

By Dave Malley, K1NYK, 132 Lydall Street, 
Manchester, Connecticut 06040 
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the problem of poor sensitivity. Since I enjoy home¬ 
brewing, I decided to build the preamp and set about 
to find an existing design that met the following 
goals: 

1. Stable (no self-oscillations) 

2.1-MHz bandwidth or better 

3. Good gain (15-20 dB) 

4. Inboard installation 

5. No loss of resale value (no hole drilling) 

The advantages of the design criteria are readily 
apparent. In a broad sense, the circuit should bring a 
weak signal up to a solid Q5 copy without retuning 
when switching between the phone and CW sub¬ 
bands. Retaining the resale value meant not drilling 
holes for cables or switches, as well as minimizing 
circuit mods to the transceiver. The internal installa¬ 
tion requirement simplifies portable/mobile opera¬ 
tion and keeps the station from being cluttered with 
yet another black box and its various wires. A 
method of switching the preamp into the circuit with¬ 
out using rf relays was also desired. 

I reviewed several construction articles to become 
familiar with the circuit options before making a 



selection. The design I selected 1 was simple, and all 
the goals were met. This preamp also can be set up 
for 15 meters instead of 10 meters if two toroid wind¬ 
ings are changed. 

The contest was still on my mind, though, so I 
decided to stick with the 10-meter version. Construc¬ 
tion is uncomplicated using a homemade circuit 
board, I found parts in my junkbox (oops, I mean my 
electronic inventory) — proving that no unusual 
components are needed. However, if all the parts are 
purchased, the bill will come to only around $8. This 
works out to about half a buck per decibel. If you're 
not inclined toward building this unit, a satisfactory 
commercial preamp can probably be found that will 
fit in the rig. Check the ads. 

The first step should be to align both the receiver 
and transmitter 10-meter front-end sections. The 
FT-101 owner's manual covers this trimmer capacitor 
peaking procedure quite well. This procedure 
ensures maximum performance on 10, as would be 
expected. 

As mentioned earlier, I hoped to avoid hold drilling 
and other mechanical (or major electronic) surgery. I 
wanted to be able to restore the transceiver to its 
original state. 

After removing the bottom cover, I quickly found 
that the preamp board should be installed topside. 
The most space above the chassis is directly in front 
of the PA cage. As luck would have it, the 1.7 inch x 
3.9 inch (43 x 99 mm) dimensions of my board allow 
it to fit vertically in this spot without interfering with 
the top cover. To avoid relays, which probably 
wouldn't fit inside the rig anyway, the preamp should 
be installed in the FT-101's receiver section. 

A review of the circuit diagram showed that this 
could be done between the lamp fuse (rf overload 
protector) and T101A, (see fig. 1). The modified cir¬ 
cuit diagram is shown in fig. 2. A 4PDT miniature 
toggle switch places the preamp into the circuit and 
simultaneously applies the 12-14 volts. Operation on 
all bands is not affected when the switch is off. 

hardware and 
wiring details 

A bracket was formed from a 3/4-inch-wide (19- 
mm) piece of 1/32-inch (1-mm) aluminum, which 
serves double duty by holding both the preamplifier 
circuit board and the miniature switch in position 
(fig. 3). The dimension marked with an asterisk 
should not be exceeded, or the top cover will not 
close properly. 

Switch wiring is shown in fig. 4. RG-174 miniature 
coax was used for each rf run, and all coax braids 
must be grounded at each end. The circuit board and 
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switch assembly in the FT-101. The 1/4-inch (6.5-mm) 
dimension (asterisk) should not be exceeded (see text). 
Bracket attached to perforated PA cover, thus no holes 
need to be drilled. 


the switch should be mounted on the bracket, then 
wired for greatest convenience. The cables that con¬ 
nect to the rig should also be soldered to the switch 
at this point. One or two short machine screws will 
ultimately secure the bracket assembly to an existing 
hole in the perforated PA cage cover. Make sure that 
these screws do not touch any components inside 
the PA compartment! This bracket arrangement pro¬ 
vides very good mechanical stability. 

The input/output lines from the preamp switches 
were passed around the driver tube socket and down 
through the opening beneath the heterodyne crystal 
oscillator board (PB1073), located in the right-front 
corner of the transceiver. Routing the coax cables 
around the tube socket is not necessary but gives 
enough slack to allow removing the board for adjust¬ 
ment or repair without unsoldering it. 

The supply voltage wiring was routed from the 
switch through the opening under the VFO assembly 
and along to pin 7 of the mixer board socket 
(PB1180). I used a piece of scrap RG-174 for this 



cable, too, and pin 6 or 8 of the PB1180 socket can 
be used for grounding the braid. Passing the wiring 
between the chassis underside and the speaker plate 
gives the neatest appearance. Although each FT-101 
circuit board has one or more 13.5-volt connections, 
the mixer socket seemed to offer the easiest access 
point. 

FT-101 circuit considerations 

The simplest location for splicing the preamp into 
the FT-101 was right at the secondary of T101A, 
where the incoming signal is applied. The circuit 
board containing the front-end alignment trimmers 
must be temporarily moved aside to allow access to 
the T101A connections, which are between it and 
the underside of the chassis. Removing the wrap¬ 
around cover also is convenient. 

T101A has five terminals, with three of them on 
the transformer secondary. One secondary terminal 
is grounded, while another connects to the incoming 
signal and the crystal-calibrator signal. In my radio, 
the red wire carries the incoming signal, and the 
yellow wire goes to pin 16 of PB1547. It would be 
wise to check these wires in your radio with an ohm- 
meter to make sure that no production changes have 
occurred. The middle terminal is not connected to 
T101A and serves as a convenient tie point. 

Remove the incoming and calibrator signal wires 
from their existing transformer terminal. Attach them 
and the preamp input to the T101A middle (dummy) 
terminal. Now connect the preamplifier output coax 
cable to the terminal that originally held the incoming 
and calibrator wires. Both preamp input/output coax 
shields are grounded at, or adjacent to, the trans¬ 
former ground terminal. Note that the calibrator wire 
can remain in its original location. Once this work is 
finished, be sure to replace the circuit board contain¬ 
ing the front-end alignment trimmers that was moved 
aside earlier. 

alignment 

Alignment of the preamp I selected involved peak¬ 
ing two trimmer capacitors on the preamp board. 
This condition is registered on the S-meter using a 
signal generator loosely coupled to the FT-101's an¬ 
tenna terminal. I aligned the preamp before the 
bracket assembly was attached to the PA compart¬ 
ment cover then later tweaked the caps after final 
assembly. (This step may not be necessary if the 
caps are properly peaked initially.) 

It's important to couple the signal generator very 
loosely to the rig without developing AGC voltage (no 
S-meter reading). Using the calibrator signal was 
unsatisfactory because it was too strong and masked 
the correct adjustments. This resulted in no amplifi¬ 
cation of the weak signals. After all, making the 
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weak signals stronger is the whole ball of wax! This 
unit works well and has no self-oscillations, body 
capacitive coupling, or other problems that can oc¬ 
cur when LC circuits are not in resonance. 

a final word 

That completes the rig modifications, and the cabi¬ 
net can be put back together. The photograph shows 
the circuit board and switch assembly installed 
beside the PA compartment. When the preamp is 
switched off, the receiver should work normally on 
all bands as before. My unit pushes a barely audible 
station to an S5-S8. While the no-signal noise is also 
amplified, this noise does not register on the S-meter, 
which indicates an overall increase in the signal-to- 
noise ratio. I found a minor secondary advantage of 
this modification with the rf-gain pot. Previously, a 
signal would disappear altogether when the rf gain 
was set below about 6. This pot now provides vari- 



fig. 5. Photo of the preamp and switch assembled in¬ 
side the FT-101 (arrows). Routing of the miniature coax 
cables is not critical and uses existing pass-through 
holes in the chassis. 


able attenuation throughout its entire range when 
the preamplifier is turned on. 

While the mods discussed in this article are directed 
toward the FT-101, the same philosophies should 
apply to many other transceivers and receivers as 
well. This mod is quite effective. Having it integrated 
into the transceiver's circuitry certainly helps keep 
the station more orderly. Looking to the future, I ex¬ 
pect this unit will be most beneficial as 10-meter 
propagation declines. 

reference 

1. Doug DeMaw. W1FB, JFET "Soup" for Tired Receivers, QST, March. 
1979. page 19. 
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Barry is Now a Full 
Line Distributor of 
Satellite TV 
Receivers, LNA's, 
Antennas and 
Accessories. Call or 
write Kitty today 
for Your Quote. 


The outstanding Yaesu FT- 
707, FT-902DM, FT-107M 
or the FT-101ZD 
FT 720RVH. 25 watts. 2 meter transceiver. FT-720RU, 
UHF transceiver. FT 480, 2 meter, all mode, 30 watts. FT- 
780R, all mode 430-440 MHz. 

DENTRON Clipperton L, GLA-1000B, AT2K 
JULY FEATURES, Best Price Around 
COLLINS KWM 380, New Shipment just received, 
and accessories for all major lines. 

ASTRO 103 • BIRD WATTMETERS 
MIRAGE2M amplifiers • MURCH UT 2000B 
ROBOT 400 SSTV 

It’s Barry’s for the Drake TR/DR-7, R-7 and L75 
CW Ops — we’ve got NYE keys, Vibroplex, Bencher 
paddles and electronic keyers, AEA Morse-A-Matic 
MT-1, KT-1, MN-1; ICOM IC-720A, IC-730, and IC-22U. 
Slinky Dipoles, HyGain Antennas, 2 m beams & mobile, 
I8AVT/WB, KLM, Cushcraft and Ham IV Rotators 

BARRY’S HAS HAND-HELDS 
TEMPO S-4 70 cm 

Yaesu FT-207R 
Santee HT-1200 

VOCOM ANTENNAS AND AMPLIFIERS 

FOR YOUR HANDHELD. 
BARRY now carries the ALPHA 76CA with three 8874 
tubes, 2.000W PEP and hypersil® transformer 
Kantronics Field Day and Mini-Reader 
Trionyx 0-600 MHz counters — $159.95 
• Complete selection of radio books including 1981 
Handbook and Repeater Directory 
JUST ARRIVED, 78th edition ARRL License Manual. 
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A survey of antenna tuners — how 
QST and Lew McCoy, W1ICP, 
pioneered the “Transmatch” 


ham radio 


TECHNIQUES 


Society seems to go through a 
progression of fads. Senior citizens 
well remember when miniature golf 
courses, "Amos 'n' Andy,” and the 
snood were all the rage in the thirties 
and forties. Most of us can name 
some post-war fads: the hula hoop, 
tail fins on autos, and hot tubs. 

Amateur Radio, being in some 
ways a mirror of society, also has its 
fads. Old timers remember from pre¬ 
war times the Astatic D-104 micro¬ 
phone, the RME-69 receiver, prese¬ 
lectors, and the Johnson-Q antenna. 
In vogue today are keyboards and RT- 
TY,quad antennas, speech proces¬ 
sors, SWR meters, baluns, and anten¬ 
na tuners. Time will tell which of 
these technological developments 
will be of the greatest benefit to 
Radio Amateurs. 

This brings me in a roundabout 
way to the subject of this column: 
antenna tuners. If you look in the 
various ham magazines, you'll see a 


bunch of advertisements featuring 
antenna tuners. Everybody has got¬ 
ten in on the act! You can even buy 
an antenna tuner to match the decor 
of your equipment. Obviously, you've 
got to have an antenna tuner to be a 
part of the action, 
antenna tuner? 
what's that? 

The term antenna tuner, as By 
Goodman, W1DX, once pointed out, 
is a misnomer. It doesn't tune the 
antenna. Rather, it's a matching 
device that translates the electrical 
characteristics of the antenna system 
into values more compatible with the 
communications equipment attached 
to the antenna. 

Back in the days of open-wire feed¬ 
lines and simple antennas, the anten¬ 
na tuner was a resonant circuit coupled 
to the transmitter. A few copper alli¬ 
gator clips on the tuner coils permit¬ 
ted the operator to make loading 


adjustments to his taste. He didn't 
worry about the standing wave ratio 
(SWR) on the feedline — these magic 
initials were unknown to most 
Amateurs. 

The SWR meter. With the availabili¬ 
ty of good, inexpensive coaxial cable 
after World War II, the switch-over 
from open-wire lines was inevitable. 
At about that time. Amateur Radio 
was introduced to the SWR meter. 
And the Federal Communications 
Commission introduced the Novice 
license, which brought a large 
number of new Amateurs on the air. 

The influx of new, inexperienced 
hams on 80 and 40 meters brought a 
blizzard of problems for the FCC and 
Amateur Radio. The beginner's trans¬ 
mitter was unsophisticated and, more 
often that not, a prolific generator of 
strong harmonic signals. Moreover 
Amateur Radio as a whole was 
plagued with serious television inter¬ 
ference (TVI) problems. Many 
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fig. 2. The 1961 version of the Transmatch. The SWR bridge is shown at left. The coils are tapped, and a rotary switch is used to 
select the proper inductance. Note that a coaxial plug (J4) has been added to the output terminations of the tuned circuit. Only 
one-half of the tuner circuit is used for the coaxial connection. (Drawings from QST, November. 1961.) 


Amateurs thought that perhaps the 
old-fashioned antenna tuner might 
solve these problems. How could the 
old-design tuner be adapted from 
open-wire line to coaxial line? 

The antenna tuner and SWR 
bridge circuit. Several solutions to 


this problem were introduced during 
the 1950s, but the most popular and 
effective tuner was that developed by 
Lew McCoy, W1ICP, the Novice Edi¬ 
tor and Technical Assistant for QST 
magazine. An early version of Lew's 
device is shown in fig. 1. This tuner 


adapts a medium-power transmitter 
having a 50-ohm coaxial antenna out¬ 
put to a center-fed, all-band antenna. 
A simple SWR meter is incorporated 
into the tuner. Small copper clips 
make connections to the tuner coil as 
the band is changed. This is a prac- 
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tical all-band (80- through-10-meter) 
antenna and tuner, and I recommend 
it to any Amateur looking for a versa¬ 
tile, simple, and inexpensive antenna 
system. For more details, refer to the 
March, 1959, issue of QST, pages 
11-15. 

Later, in the November, 1961 QST 
Lew showed a high-power (500-watt) 
version of his tuner — a deluxe model 
having a wider adjustment range — 
and he called it a Transmatch. Again, 
it was designed to match a 50-ohm 
coaxial antenna output to an antenna 
having a balanced feed system. But 
he also added a coaxial output plug to 
the Transmatch to match to a 50-ohm 
transmission system. In this manner, 
the Transmatch could be used as a 
highly selective circuit in a 50-ohm 
coaxial system that would greatly 
attenuate the harmonics of the trans¬ 
mitter. The circuit is shown in fig. 2. 

By 1966 the impetus had switched 
to harmonic suppression on 50-ohm 
transmission lines; so the October, 
1966, issue of QST featured a simpli¬ 
fied McCoy Transmatch that elimi¬ 
nated the SWR meter and empha¬ 
sized single-ended output (fig. 3). 

In 1967 an entirely different ap¬ 
proach to an "antenna tuner" was 
described by Lance Johnson, 
K1MET. He built a simplified, single- 
ended tuner based upon a T-section 
network that provided an unbal- 
anced-to-balanced match for a 50- 
ohm transmission system (fig. 4). 
This compact and simple Transmatch 
is an excellent solution to some of to¬ 
day's problems with solid-state rigs: it 
will reduce the SWR on an antenna 
system to near unity, so that the 
transmitter does not suffer reduced 
power output caused by operation in¬ 
to a mismatched load. 

the "Line Flattener" 

This circuit has shown up in Radio 
Amateur literature numerous times 
since its first introduction by K1MET 
(then an ARRL Lab Assistant). Previ¬ 
ously, it had been in wide commercial 
use but somehow had never filtered 
into ham literature. In addition to pro¬ 
viding a good match, the T section 


(fig. 4) provided up to 20 dB attenua¬ 
tion for transmitter harmonics falling 
into the TV channels. An extremely 
practical circuit, this low-cost device 
is recommended to today's Amateurs 
who have solid-state transmitters and 
who wish to achieve easy and effi¬ 
cient antenna matching with a mini¬ 
mum of fuss. 

By now the name Transmatch was 
slipping into the public domain, and 
almost every "antenna tuner" was 
called a Transmatch. (Too bad. Lew. 
You've suffered the fate and fame of 
Kodak™ and Xerox™!) 

A simplified Line Flattener for a tri¬ 
band beam (10-15-20 meters) can be 
built. Capacitor Cl is reduced to 250 
pF, capacitor C2 is removed, and the 
end of coil L2 is connected directly to 


receptacle J2 (fig. 4). Then, coils LI 
and L2 are reduced to nine turns 
each. Readers with a good memory 
will recall that I described a compact, 
100-watt version of the Line Flattener 
in my antenna column in CQ, April, 
1979. A somewhat similar device was 
also described by W6EBY in the Sep¬ 
tember, 1978, issue of ham radio 
(page 22). 

back to the Transmatch 

By 1961 the antenna tuner had 
taken an interesting turn, and an arti¬ 
cle describing the "50-Ohmer" by 
Lew McCoy appeared in the July, 
1961, issue of QST (fig. 5). This 
device was a form of Line Flattener 
designed to be used with a coaxial 
system to reduce the SWR on the 



Circuit diagram of the tra-ismctch. Balanced feed¬ 
ers should be attached to A and B. 

Ci — 335 pf. variable (Milten 19335 or equivalent}. 

Cj—200 pf. dual variable, 0 . 077 -inch air gap far 1 k.w, 
(Millen 16200), 0.022-inch air gap for 150 watts 
and less (Milien 28200). 

Ji, Jj—Coax chassis fitting, 50-239. 

1}, tj — See Fig. 3 and text. 


CUT WlR£ AND UNWIND 'U TURN 



fig. 3. The tuned-circuit antenna-matching device reduced to the simplest 
form. The SWR meter is eliminated, but provision for 50-ohm coaxial output is 
included. (Drawings from October, 1966. QST.) 
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transmission line. It used a "band¬ 
switching adjustable transformer" 
capable of handling SWR values as 
high as 5 to 1. Of interest to the cir¬ 
cuit connoisseur is the use of a split- 
stator tuning capacitor with network 
input attached to the floating rotor. 

This shunt provided a capacitive 
short circuit to ground for the trans¬ 
mitter harmonics and gave protection 
up to 20 dB for harmonics falling into 
the TV channels - a slightly different 
version of the K1MET design. 

the Ultimate Transmatch 

In July, 1970, W1ICP came up with 
the Ultimate Transmatch in his 
"Beginner and Novice" column of 
QST. This circuit was a sophisticated 
version of the 50-Ohmer, adapted for 
either coaxial lines or balanced lines. 
A 1-to-4 ferrite balun was used to 
achieve balanced output (fig. 6). This 


Transmatch combined simplicity and 
flexibility, requiring only one split- 
stator capacitor, one single-section 
capacitor, and one variable inductor. 
Many of the antenna couplers sold 
today employ this circuit or variations 
of it. The output termination for the 
balanced configuration is 200 ohms 
when the input to the Transmatch is 
50 ohms. 

The use of a ferrite balun, how¬ 
ever, should be approached with cau¬ 
tion. Most balanced lines are other 
than 200 ohms (300 ohms for TV rib¬ 
bon line, and 450-600 ohms for open- 
wire transmission line). Ferrite baluns 
don't like to work into a mismatch be¬ 
cause of core saturation. The result 
of this misuse is increased harmonic 
radiation and the chance of balun 
flashover at medium power levels. An 
air-core balun at this point is recom¬ 
mended. 


the SPC Transmatch 

Shown in the 1981 ARRL Handr 
book is the SPC Transmatch (SPC 
standing for series-parallel-capaci¬ 
tance) — another offspring of the 
long series of antenna matching units 
pioneered by W1ICP and others. A 
simplified schematic of the ARRL 
Handbook version is shown in fig. 7. 
This unit was developed by Doug 
DeMaw, W1FB. It provides a wide 
range of matching and gets around 
the ferrite-core balun problem by 
substituting an air-core device. 

which antenna tuner 
to build or buy? 

So much for the background of the 
Transmatch, now firmly established 
as part of the history of Amateur 
Radio. Much Information is available 
for the interested Amateur who 
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Circuit diagram of the 50-Ohmer. Decimal 
Ct — 1 00-nfj ,#.*per ♦section, split stator (Hammarlund 
HFBD-100-C). 

C>—I OO'/i/if. variable (Hammarlund MC-100-SXor John- 
son 100 F0 20H). 

CRi — 1 N34A germanium diode. 

Jl, h —Coax chassis terminal, $0-239. 
ll — 9% turns No. 14, 1%-ireh dioro., 4 turns per inch 
(fl & W Miniductor 3021, lllumitronic Air Dux 
1404T). 1 4-Mc. tap 2'/i turns from junction of 
111 si 21-Me tap 7!/j turns from junction of titj; 
28-Mc. tap 7Yj turns from junction of liij. 


fig. 5. The 50-Ohmer circuit of 1961 is the forerunner of today's Transmatch. The split-stator capacitor Cl provides good rejec¬ 
tion of the transmitter harmonics and provides tvi protection when it is properly adjusted. Note that high-impedance output 
for two-wire transmission line has been dropped. (Drawing from July, 1961QST.) 


values of capacitances are in uf., others ore in p.uf. 

(B & W Mniductor 3022, lllumitronic Air Du.* 
1 408T). 7-Me. tap 5 turns from the junction o' 
tit.'. 

Mi—0-1 milliammeter. 

Ri —150 ohms, ’/j watt. 

R.» — 25,000-ohm control, linear taper. 

Si—2-pols, 2-position switch (Centralab 1462). 

$2—Ceramic rotary, one section, one pole, 5 positions 
(Centralab type 2501}. 


wants to buy or build a Transmatch. 
As to the question, "Which antenna 
tuner should I build or buy?," the first 
answer is, Don't use an antenna 
tuner unless you really need it. Too 
many Amateurs are swept away by 
antenna tuner fever when they could 
just as well get along without one.* 
Where the Transmatch really 
shines is in conjunction with a solid- 
state transmitter and, say, a triband 
antenna. The tribander provides 
various terminating impedances as 
operation is conducted across the 
bands, and sometimes the solid-state 
transmitters encounter loading prob¬ 
lems, especially at the band edges. 
The Transmatch will transform the 
odd-ball impedance at the station end 
of the transmission line into 50 ohms, 
which is what you would want for a 


•However the antenna matching unit does attenuate 
harmonics. Editor 


good match to the transmitter. 

The transmitter employing vacuum 
tubes and a pi-network output circuit 
is considerably more tolerant of a 
high SWR antenna load, and in most 
cases a Transmatch is not required to 
match a 50-ohm line to the transmit¬ 
ter, with one exception: 80 meters. 
The great majority of 80-meter ham 
antennas cannot work across the 
whole band without exhibiting a high 
value of SWR at one end of the band 
or the other. And here is where a 
Transmatch is worthwhile. Even 
though the antenna may be operated 
"off tune" and may exhibit a high 
SWR on the feedline, the Transmatch 
can provide a satisfactory load for the 
transmitter. 

Which model Transmatch to build 
or buy? I'm not going to get into a 
dispute over that. My Transmatch 
needs are modest, so I have a hay¬ 
wire version of the T-section device 


shown in fig. 4. In fact, I have two of 
them. One is built up very pretty in a 
low-profile case, complete with SWR 
meter and all bells and whistles. The 
other one is built upon a small sheet 
of plywood, and the components are 
interconnected with flexible leads and 
copper-plated battery clips. It is very 
flexible and I can rearrange the circuit 
at a moment's notice to fit the need 
at hand. 

If I were buying a Transmatch I 
would want to look inside the pretty 
case and examine the innards. Is a 
good quality ceramic switch used? 
Do the capacitors have sufficient 
plate spacing for the power level indi¬ 
cated? Are all rf connections well 
made — solid and firm? Is there suffi¬ 
cient air space around the inductor so 
that the metal cabinet is not induc¬ 
tively coupled to the coil, producing 
an unwanted shorted turn in the 
metal of the box? Sometimes a 


July 1981 (ffl 35 





RECORDS - C. 

pjj sr 39 ,! 

MOT NEW IMPORT* REMOTE CONTROL ftTH 
30 CHANNEL CABLE TV CONVERTER! J I 

ETCOMKII WIRELESS ^ 

THE ULTIMATE CABLE TV CONVERTER* 

W - 189 " 

VIOCOR 2000 CONVERTER ELIMINATES PROBLEMS 
WHEN VIDEOTAPING FROM CABLE TV 

FACTORY SURPLUS UHF TUNERS 

4 95 ^ 

MINIA TURE FM WIRELESS MICROPHONE 

# h ,: ■> 29 " 

|69?“ 

FACTORY SURPLUS VHF/UHF 

§Ii 

DUMPING! NORELCO ENDLESS LOOP CASSETTES* 

'' IN STOCK - THE MURA 
CORDLESS TELEPHONE SYSTEMI 

-jsj 144“ 

SALE OF QUARTZ BATTERY 
^ OPERATED CLOCK MOVEMENTS' (53*310 

<^95 , ' .^ ||g| 

WP REGULATED 12VDC POWER SUPPLY* 


36 BS july 1 




fig. 7. The SPC Transmatch shown in 
the 1981 ARRL Handbook is merely the 
Transmatch of W1ICP hooked up 
backwards! For balanced lines, an air- 
core balun is attached to antenna re¬ 
ceptacle J2. 


photograph of the interior of the 
tuner will give you these answers. 

Note: A few months ago I offered 
readers of this magazine a reprint of 
my series of articles entitled "Design 
Considerations for Linear Ampli¬ 
fiers." This brochure has been 
reprinted and is again available. If you 
wish a copy, I'll be happy to send one 
to you for two 18-cent stamps (over¬ 
seas readers send four IRCs). Write 
to me at EIMAC, 301 Industrial Way, 
San Carlos, California 94070 U.S.A. 

ham radio 












an audio amplifier 

for your handheld transceiver 


Build this 

convenience accessory and 
avoid freeway trauma 

Today's handheld transceivers are marvelous little 
radios. A long list of optional accessories makes it 
possible to tailor them to many applications. How¬ 
ever, most don't have sufficient audio output to be 



The audio amplifier is mounted inside the speaker en¬ 
closure using a metal stand-off post. The power and 
audio leads are secured with a plastic cable clamp. 


used in a car. It's not much fun to drive while trying 
to hold the radio and its speaker/microphone to your 
ear. So a simple audio amplifier, with sufficient out¬ 
put to be heard over any amount of road noise, is a 
useful accessory. Let's build one. 

the circuit 

In fig. 1 an LM383 1C (U1) does all the work. It 
contains a preamplifier, power amplifier, and circuit¬ 
ry to protect against overheating, short circuits, and 
voltage spikes from an automotive electrical system. 
It operates from a 13.5-volt supply and can provide 
up to 5 watts of audio output. It delivers a gain of 
100, about 40 dB. 

Looking at fig. 1, R1 provides a load for the audio 
section of the handheld. (Some of the components 
used in the circuit prevent 2-meter energy from get¬ 
ting into the amplifier.) RFC1, C7, and C2 filter the in¬ 
put line, and RFC2 and C6 decouple the speaker 
lead. 

The LM373 is a stable, well-behaved amplifier. R2 
and R3 form a resistive divider, which provides nega¬ 
tive feedback to pin 2 through C8. A key to stability is 
C4, which must be a metalized-fiim capacitor, with 
short leads, connected from pin 4 to pin 3 of U1. 
Other types of capacitors should not be substituted. 
Components used in the amplifier, except for the fer¬ 
rite beads, are available from many local electronic- 
equipment suppliers. Ferrite beads are sold through 
mail order (check the ads). 


By Douglas A. Blakeslee, N1RM, 4 Maple 
Lane, Brookfield, Connecticut 06804 
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construction 

The amplifier can be built using point-to-point wir¬ 
ing on a piece of perf board, on a universal circuit 
board, or on a homemade board, as shown in fig. 2. 
Whatever type of board you choose, follow the gen¬ 
eral component layout of fig. 3. If you use an etched 
circuit board, touch up the copper portion with some 
fine steel wool to remove any oxidation. Mount the 
components a few at a time, and bend the leads 
slightly to hold them in place. Solder all connections. 
Then inspect all solder joints to ensure they are bright 
and shiny. If a joint is dull and matted with solder, 
reheat it until the solder flows. 



fig. 2. PC-board foil pattern for the audio amplifier. 


To produce loud audio, a speaker must move air. 
Thus, a 2-inch diameter speaker isn't much good. A 
4-inch diameter speaker is adequate, and 5- or 6-inch 
speakers are even better. I chose a 5-inch diameter 
speaker with housing, sold as an add-on rear-seat 
extension speaker. I mounted the audio amplifier in¬ 
side the speaker housing (photo). If you use one of 
the extension speakers sold for CB radios and there is 
not enough room inside the speaker enclosure for the 
circuit, use a small aluminum box to house the 
amplifier. 

power 

The nominal 13.5 Vdc from an automotive electri¬ 
cal system is just what's needed for the audio ampli¬ 
fier. However, it’s also desirable to power the hand¬ 
held from the car electrical system, as rechargeable 
batteries are insufficient for long trips. Powering your 
handheld may not be so simple. Read your instruc¬ 
tion book carefully. My FT-207 manual cautioned 
that the voltage applied be limited to 12 volts or 
below. 

Inspection of the circuit diagram showed two dc 
input paths: one for needle-pin connections in a 


holder/power supply, and the other a jack for the 
battery charger. The circuit has one diode in series 
with the pin contacts and two diodes between the 
battery-charger jack and the set. (Silicon diodes typi¬ 
cally have a voltage drop of 0.6 volt.) 

Automotive electrical systems are noisy electrically 
and often have high-voltage spikes called transients. 
The lead-acid storage batteries used in cars have a 
nominal voltage of 12.6. Fully charged, the batteries 
will show a potential of approximately 13.5 volts. The 
battery-charging system delivers 14 volts or more. 
Transients of up to 300 volts are produced during 
normal operation of the car. This is not the sort of 
power source to be directly connected to a handheld 



fig. 3. Parts placement diagram. 
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radio designed to operate from a mild-mannered 
nicad batteryl 

I chose to use the charger input jack to power my 
radio. With a maximum of 14.5 volts from the car, 
the power circuit of fig. 4 was used. The two diodes 
inside the FT-207 provided a 1.2-volt voltage drop. I 
used two additional diodes in series with the power 
lead, so that the maximum voltage applied to the 
radio would be 12.1 volts. I included a 15-volt zener 
diode to clip any voltage transients. Also, I used a 
capacitor to reduce the noise from the automotive 
electrical system. (In some installations, a more 
extensive filter may be needed to eliminate alternator 
whine.) 



installation 

Installation details can be changed to suit individ¬ 
ual requirements. My original goal was to use the 
radio for hamming while on family trips. I built the 
circuit of fig. 4 into the speaker on a solder-lug strip. 
The power cord is equipped with a cigarette-lighter 
plug for instant installation. 

Two short cords with miniature phone jacks con¬ 
nect to the radio, one for power and one for audio. 
SI of fig. 4 ensures that power is off until the power 
cord to the radio is in place. (It's impossible to insert 
or remove a "hot" phone plug without hitting ground 
simultaneously, which results in an impressive flash 
and a blown fusel) 

If you want a semi-permanent installation, the 
speaker and amplifier can be mounted under the 
dash or at any other convenient spot. I place my 
radio beside me on the car seat when traveling and 
use the remote microphone. Volume and squelch 
controls are handy, and the band-search feature is 
useful for finding repeaters when in unfamiliar areas. 
Best of all, when I arrive at my destination, the radio 
can be disconnected in seconds and clipped to my 
belt. 

ham radio 


40 BS july 1981 









Printed-circuit techniques, 

solid-state devices, 

and some old-time technology — 

a project for 

the first-time builder 


field-strength meter 

for the high-frequency Amateur bands 



Here's a project for the first-time builder — a band¬ 
switching field-strength meter. It's a neat accessory 
for your station that indicates the relative field 
strength of a signal. Actually, it's a small, band- 
switched receiver covering the Amateur 80, 40, 20, 
15 and 10 meter bands. In this unit the speaker or 
headphones have been replaced by a meter that in¬ 
dicates the relative field strength. The receiver is a 
very basic unit, but it's sensitive enough for critical 
antenna adjustment and tuning. It's battery 
powered, allowing you to work at some distance 


By Ken Powell, WB6AFT, 6949 Lenwood Way, 
San Jose, California 95120 
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from the antenna. And it's sensitive enough so that a 
short whip antenna, as used on 2-meter portables, 
will serve as a pickup or receiving antenna. 

The field-strength meter is constructed on a single 
printed circuit (PC) board. Component count is low, 
overall cost is minimal, and the highest voltage 
encountered is only 3 volts. The field-strength meter 
has a minimum number of controls: a push-button 
bandswitch, an rf-level meter, and a sensitivity con¬ 
trol that keeps the instrument within reasonable 
bounds as you get your antenna and transmitter 
really humming! 

The complete unit is about 5 inches wide, 6 inches 
deep, and 3 inches high (13 x 15x8 cm). It could be 
squeezed down a bit smaller; but, in the interest of 
making construction a pleasure rather than a chore, 
the package was kept on the roomy side. Compo¬ 
nent values are not overly critical, and no special 
tools or equipment are required for construction or 
adjustment. 

circuit 

The description of the field-strength meter makes 
it sound a bit more complex than it really is. A glance 
at the schematic (fig. 1) shows the simplicity of the 
circuit. Band switching sounds complex because we 
tend to think of large rotary switches and the like; but 
in this case, band switching is handled by a simple 
push-button switch mounted on the PC board. This 
eliminates a lot of wiring and the chance for errors. 
This type of switch is a real boon to the builder. 

The circuit is actually a crystal set, much like those 
used by the pioneers of early wireless. The antenna is 
connected to the primary of the rf coil, LI; the secon¬ 
dary of this coil is tapped to provide resonance on 
each of the high-frequency bands covered by the 
field-strength meter. 

The push-button bandswitch, SI, selects the 
desired tap on the secondary winding of the coil, LI, 
and shunts the secondary tap with the required 
capacitance to provide resonance at each switch 
position. To make parts procurement easy, the same 
variable capacitor is used on each band and is shunt¬ 
ed by a fixed capacitor where required (see fig. 1). 
This provides a trimmer for setting each band and 
eliminates the need for a front-panel tuning control. 

The voltage developed across LI is applied to the 
detector, CR1, a germanium diode. This rectified 
voltage is filtered by capacitor CIO and applied to the 
base of Q1. This general-purpose germanium NPN 
transistor is an amplifier. It allows the use of a low- 
cost meter movement as an output indicator. (The 
alternative is a more sensitive meter, which is more 
expensive and more subject to damage.) The meter 
is shunted by sensitivity control R1, which allows a 


selected portion of Ql's collector current to bypass 
the meter movement. This enables you to maintain 
the meter needle within a usable portion of the meter 
scale as varying signals are applied to the antenna 
terminal. The overall collector current of transistor 
Q1 is limited by resistor R2. The power OFF/ON 
switch, S2, is coupled to the sensitivity control. The 
wiring is such that the full clockwise rotation of the 
control yields maximum sensitivity. 

Power for the field-strength meter is supplied by 
two AA cells mounted on the PC board. Current con¬ 
sumption of the unit is low: battery life should 
approximate the shelf life of the batteries. Trimmer 
capacitors Cl through C5 provide individual tuning 
for each of the bands, and once the unit is adjusted, 
it's not likely that any drift will be encountered. 

construction 

Construction of the field-strength meter is really 
tailored for the first-time builder, and the parts cost, 
even in today's wild economy, is low. Components 
aren't especially sensitive to rough handling, and the 
package is not crammed or difficult to assemble. 
Radio-frequency circuits are often difficult to dupli¬ 
cate, but printed-circuit construction and standard 
coil stock take care of that nicely. 

Standard hand tools and a drill are all that are 
required for construction. The aluminum of the case 
is very soft, and woodworking tools handle it well. A 
bit of filing is required to get the rectangular holes for 
the band switch and meter movement, but it's really 
not much of a task. 

let's get started 

The first step in the construction of the field- 
strength meter is to obtain the components shown in 
table 1. The PC board should be etched and drilled in 
accordance with the foil layout depicted in fig. 2. If 
you don't have the facilities for fabricating the PC 
board, an etched and drilled board, complete with 
the bandswitch assembly installed, is available. The 
source for this board is shown in table 1. 

To start construction, mount the bandswitch and 
solder it in place on the PC board. Next, mount the 
four spacers on the foil side of the PC board. These 
spacers elevate the board above the base of the 
cabinet. 

Now, before mounting any other components on 
the PC board, take the time to work out the mechani¬ 
cal details of the PC board in relation to the cabinet. 
If you use the same case I did and want to have the 
same general layout on the front panel, see the lay¬ 
out in the photos of the completed unit. 

The front panel will require five rectangular holes 
for the switch assembly, a rectangular hole for the 
meter, and a round hole for the sensitivity control. 
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fig. 1. Schematic diagram of the bandswitching field-strength meter. Circuit is kept simple by using simple pushbutton 
switch mounted directly on the PC board. 


The rear panel will require holes for the UHF connec¬ 
tor used for the antenna. 

After making the cutouts in the case, the PC board 
can be placed into the case, and the clearance for the 
push buttons can be checked. If things seem to fit 
well, mark and drill the four holes in the base for 
mounting the PC board and the rubber feet furnished 
with the case. When you're satisfied with the 
mechanical details, you can go on to complete the 
assembly of the board. 

mounting small parts 

The PC-board-mounted components, with the 
exception of rf coil LI, can now be mounted and 
soldered in place on the board as shown in fig. 3. 
When mounting components try to develop the habit 
of installing like components in the same direction so 
all values can be read from one side or edge of the PC 
board. In this case, all capacitors would be installed 
in the same direction. This is a good practice for all 
your projects and can make service and checkout 
easier. 

Install the four wires that leave the board, using 
stranded wire to reduce the chance of wire breakage. 
Leave these leads about 6 inches (15 mm) long and 
trim them during the final stages of wiring. Color- 
coded wire is good for this purpose, and if you use 
color codes, note them on the schematic for refer¬ 
ence. The PC board can now be set aside and work 
can be started on rf coil LI. 

the rf coil 

Before starting work on LI, study the drawing 


shown in fig. 4. Develop a fairly good idea in your 
mind of how the coil is to be formulated, as it is a 
very easy thing to get confused. Initially, the coil 
stock is 3 inches (76 mm) long and contains 48 turns 
held in place by four plastic formers. 

Starting at the left end of the coil, as shown in fig. 
4, count off four complete turns then go about one- 
third of a turn further, just past the second former, 
and cut the wire. Fold this wire back so it leaves the 
coil stock parallel to the lead at the start of the coil. 
This forms the four-turn primary of LI. The remain¬ 
ing end of the wire just cut will be the lead wire for 
the secondary and is peeled from the coil stock until 
it is parallel with the primary coil leads. This will leave 
a single-turn space between primary and secondary 
windings of LI. From this initial point on the secon¬ 
dary, count off 31 turns and again cut the wire about 
one-third way around the coil form. Fold this wire 
back parallel with the other coil leads. Remove the 
remaining coil stock and you should have a four-turn 
primary and a 31-turn secondary. 

Now to put a few taps on the secondary. Using 
nail polish or other marking device, put a small mark 
at the fourth, seventh, ninth, and eighteenth turns of 
the secondary. These marks should be placed at the 
former, and the taps will be soldered just past the 
marks in the direction of the coil winding. 

Scrape the coil plating lightly with a sharp hobby 
knife where each tap will be placed. This will make 
soldering the taps easier. Tin each of these spots 
lightly with your iron before soldering the taps in 
place. Form the four tap wires from resistor leads or 
solid wire that is well tinned. Don't try to use wire left 
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fig. 2. PC board, foil side, for the field-strength meter. 



ponent layout and associated wiring viewed from component side of PC board. 
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fig. 4. Details of rf-coii construction from standard coil 


over from the coil stock, as this is often difficult to 
solder in place. 

Solder the four taps in place as shown in fig. 4. 
This operation is a bit tricky. Should you splash some 
excess solder on the coil form, it will lift off using 
solder wick or even a pipe cleaner. 

After all the taps are in place, the coil leads can be 
trimmed to size and the coil can be mounted and 
soldered to the PC board. Don't get the tap leads too 
hot during this process or they may pop off the coil! 

final details 

Now that the PC board is complete, the mechan¬ 
ical details can be finished on the case. If desired, the 
case can be sanded with 320 or finer paper and a coat 
or two of your favorite color can be applied. I usually 
do this, as I invariably scuff up the front panel when 
making the required cutout. 

After the paint is thoroughly dry, the rub-on letter¬ 
ing can be applied. This type of lettering and a few 
racing stripes can give your home projects a com¬ 
mercial look. A coat of clear lacquer will protect the 
lettering and level out the paint on the panel. 

After all's dry, the PC board can be installed in the 
case and the sensitivity control, meter, and antenna 
jack mounted. The meter described in table 1 has 
two small mounting holes. However, rather than use 
these, I mounted the meter with a couple of drops of 
epoxy cement between the front panel and the 
mounting tabs. This eliminated the mounting screws 
in the front panel and makes for a clean package. 

The remaining wiring can be completed as shown 
in fig. 3, and the control knob can be installed on the 
sensitivity control. Give the unit a quick once-over 
against the schematic and drawings, then install the 
two AA cells, observing proper polarity. You are just 
about ready for the smoke test. 


Turn the field-strength meter to ON and advance 
the sensitivity control slowly. As you advance clock¬ 
wise, the meter will move slightly off the zero posi¬ 
tion in a positive direction. This is normal and indi¬ 
cates that all is well so far. Should the meter move 
slightly in the negative direction, the meter leads are 
reversed and must be transposed to correct the 
problem. 

adjustment 

The field-strength meter can be tuned with a signal 
source such as a signal generator, grid-dip meter, or 
your transmitter. If you use your transmitter, be sure 
to couple it to a dummy load so you don't radiate sig¬ 
nals that will bother other Amateurs. In the absence 
of a dummy load, turn your transmitter output down 
and pick a time when the band is dead. Remember to 
listen on frequency before transmitting and keep 
each transmission short, ten seconds or less, and 
identify each transmission as a test transmission. 

Choose your favorite frequency on the 80-meter 
band, and with the field-strength meter in the 80 
position, inject a signal from the generator or use a 
pickup antenna for off-the-air or grid-dip signal 
source. 

Adjust trimmer capacitor Cl for a maximum meter 
reading. Next, repeat this procedure with your signal 
source and the field-strength meter set for the 40- 
meter band. Trimmer capacitor C2 will provide 
adjustment for this band. Repeat this procedure for 
the 20-meter band, using C3 for adjustment. Capaci¬ 
tor C4 is for 15 meters, and C5 will be the trimmer for 
the 10-meter band. This completes the adjustment of 
the field-strength meter. The cover can be installed 
and you can sit back and admire your handiwork! 

a final word 

While the field-strength meter isn't a technological 
breakthrough or a state-of-the-art device by today's 
standards, it's a good project for getting started in 
the fascinating field of home brew. It will help you 
gain the skills necessary to go on to bigger, better, 
and more interesting projects. Most first-time build¬ 
ers will be able to complete the project during a 
weekend once the parts have been procured. And 
keep in mind that if you do have any problems or 
areas that are confusing you, ask one of your Ama¬ 
teur buddies for a bit of help. You will both enjoy the 
project! 

The next project? Well, I hope to put an SWR 
meter together soon, and when we're armed with the 
field-strength meter and an SWR meter, there won't 
be a tune-up problem we can't handle. So do a good 
job on the field-strength meter and watch for the 
SWR meter soon. 

ham radio 
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super beep circuit 

for repeaters 


Here’s a circuit 
for your repeater 
that features an inhibit 
and selectable wait function 

A beep signal in your repeater, if used properly, 
could be an asset; otherwise it's nothing more than 
another piece of trivial hardware. The super beep cir¬ 
cuit, described here, was designed to provide the 
following: 

1. An inhibit function against fluttering signals, as 
from mobile stations. 

2. A selectable wait function to allow breakers to 
start a conversation before the beep signal is acti¬ 
vated. 

3. An adjustable duration of two independent audio 
oscillators, which generate a mellow and pleasant 
sound. 

4. A high-level audio output to drive most repeater 
circuits. 


The super beep circuit was designed for the 
Upper-Valley Amateur Radio Club repeater (Dayton, 
Ohio) using a VHF Engineering COR board. Input to 
the beep circuit, fig. 1, is obtained from the PTT 
point on the COR board. Output from the beep circuit 
feeds the audio input to the repeater's transmitter. 

The super beep circuit uses standard TTL and 
CMOS logic, operating from a 5-volt supply. As 
shown in fig. 1 , the circuit consists of an inhibit one- 
shot, a wait one-shot, and the two triggered audio 
oscillators. A buffer amplifier isolates and drives the 
repeater's audio input. 

inhibit function 

The inhibit function of the circuit is provided by 
U1, a 555 timer used as a monostable, which is made 
retriggerable by connecting a diode (CRD between 
pins 6 and 2 (fig. 2). When the squelch from the 
repeater is broken, the PTT signal on the COR board, 
normally at logic 1, is forced to a logic 0. This action 
makes U1 pin 2 a logic 1. So long as the repeater's 
COR board keeps the PTT signal low, the output of 
U1 will stay high, and no timing function will be per¬ 
mitted since CR1 will not allow the timing capacitor 
to charge. 


By Al Torres, KP4AQI. 4850 Hollywreath 
Court, Dayton, Ohio 45424 
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If the COR signal momentarily switches states (as 
during mobile flutter), the timing cycle of U1 is initiat¬ 
ed. This timing cycle was designed to keep U1 pin 3 
at logic 1 for 0.75 second after the COR signal 
changes state. If the COR signal recovers before 0.75 
second, U1 pin 3 will not change state, and the tim¬ 
ing cycle is aborted (see fig. 3). Keep in mind that 
the wait one-shot is activated only on transitions that 
go from high to low. 


wait function 

This function is implemented by using a 74121 (U2, 
fig. 2) as a monostable. The time duration of this 
one-shot is determined by: 

To = K dRT C T (f+ (1) 

where: 

T d = time duration (seconds) 

Kd = constant supplied by manufacturer (ND) 



fig. 2. Schematic diagram of the super beep circuit. 
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Cy = capacitance (farads) 

fiy = resistance (ohms) 

With the values shown, the one shot can be adjusted 
from more than 100 milliseconds to more than 2 
seconds. In practice, I found that 0.75 second was 
optimum; such time duration, in addition to the 0.75 
second from the inhibit circuit (a total of 1.5 sec¬ 
onds), isenoughtimefor someone to break in between 
transmissions and before the beep signal is activated. 

oscillators 

The oscillators use CMOS logic (U5, a CD4011) and 
operate in the gated mode. When the input to the 
first gate is at logic 0 no audio is generated. Using 
this concept, the oscillators are fired for a fixed-time 
duration; control for such time duration is accom¬ 
plished by two one-shots (U3 and U4). By making 
U3's duration longer than that of U4, a pleasant, 
mellow sound is generated. 

The pitch of each oscillator is controlled by a 100k 
pot, which can be adjusted to satisfy your taste. 
After careful experimentation with our system, we 
made U3's duration approximately 170 milliseconds 
and U4's just 70 milliseconds. Results showed that a 
ratio of 3:1 creates the most pleasant sound. The 
audio is then coupled to the repeater through two 
510-ohm resistors to a unity-gain voltage follower 
(U6), a /iA741 op amp. Audio level is controlled by a 
Ik pot. 

The input impedance of this voltage follower is 
such that no loading occurs at the CMOS audio oscil- 



Super beep circuit was constructed on a Radio Shack 
edge-card board. 


lators. Audio range, with the components used, is 
adjustable from 1000 Hz to 10 kHz. 

construction 

The super beep circuit was built on a Radio Shack 
two-voltage-source edge-card board (RS 276-154), 
which mates to a 22-pin dual edge-card socket (RS 
276-1551). The ICs were mounted in DIP sockets, 
which were soldered to the board. 

Nothing is critical about the circuit. The unit oper¬ 
ates from 5.0 Vdc, which is available on most popular 
repeaters. Current drain is not significant. 

When adjusting the audio level, make sure that 
you provide enough audio to deviate your repeater 
4-4.5 kHz; any greater amount will become bother¬ 
some to the operators and to adjacent repeaters. 

ham radio 
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Questions and Answers 


Entries must be by letter or post card only. No telephone requests 
will be accepted. All entries will be acknowledged when received. 
Those judged to be most informative to the most Amateurs will be 
published. Questions must relate to Amateur Radio. 

Readers are invited to send a card with the question they feel is 
most useful that appears in each issue. Each month's winner will 
receive a prize. We will give a prize for the most popular question of 
the year. In the case of two or more questions on the same subject, 
the one arriving the earliest will be used. 


/ notice that pattern plots for beam 
antennas show the beamwidth at the 
3-dB down points. Why is this figure 
used rather than, say, the 4- or 5-dB 
downpoint?— Sylvester McCutheon. 

The 3-dB down point for antenna 
beamwidth measurements is a con¬ 
venient reference point. The beam- 
width is the angular distance between 
the directions at which the received 
or transmitted power is 0.707 times 
its maximum value, also called the 
half-power point. 

I've moved a number of times in 
the last couple of years. The way / 
understand the FCC regulations is 
that if i move / have to notify the FCC 
— unless it is a temporary move. But 
what amount of time is considered 
temporary? — David Carrington, 
WL7ACD. 

The FCC rules pertaining to ad¬ 


dresses of licensees are contained in 
Sections 97.43 and 97.44. Basically, 
these rules state that you must fur¬ 
nish the FCC with an address in the 
United States where they can reach 
you with correspondence and docu¬ 
ments (pink tickets, for example). 
Furthermore, every Amateur Radio 
station shall have one land location, 
the address of which appears on the 
station license, and at least one con¬ 
trol point. Unless advised otherwise, 
the Commission will use the address 
contained in your most recent appli¬ 
cation to contact you. 

After reading an article in which neg¬ 
ative resistance was mentioned, / 
have wondered just what this term 
means. — Ted Brice. 

Some devices have a property that 
exhibits a characteristic opposite to 
Ohm’s law for positive resistance. 
This property, called negative resis¬ 


tance, is characterized by a decrease 
in voltage drop across the device as 
current through it is increased, or vice 
versa. Alternatively, a decrease in 
current through the device will occur 
as voltage across the device is in¬ 
creased, or vice versa. 

A tunnel diode is an example of a 
device that exhibits negative resis¬ 
tance. The characteristic curve of the 
tunnel diode, which shows forward 
current as a function of forward volt¬ 
age, contains an area where the 
diode's current decreases with in¬ 
creased voltage. This, of course, is 
opposite to the behavior of a regular 
resistor, which permits a greater cur¬ 
rent to flow as the voltage increases. 
The reverse condition occurs in the 
diode over this range Of voltages; 
thus it is said to have negative resis¬ 
tance. With suitable external circuits 
added, it can be used as an oscillator 
or amplifier. 
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My TH6DXX antenna is on a 105- 
foot tower, and a 2300-MHz TV down 
converter is on the same tower at the 
45-foot level . When / run about 800 
watts input on 15 meters, the televi¬ 
sion screen goes blank and the down 
converter is inoperative. / have no 
interference problem with the down 
converter disconnected. The interfer¬ 
ence does not occur when operating 
on any other Amateur high-frequency 
band. Is the problem caused by over¬ 
load on the down converter, and if 
so, why only on 15 meters? — Jim 
Brown, N4DDS. 

The transmission line from your 
converter to the TV set might be 
some length that is resonant at 21 
MHz. So even if you disconnect the 
converter and don't remove the feed¬ 
line, the latter will act like a beautiful 
antenna. Try putting a shorted quar¬ 
ter-wave stub (at 21 MHz) at the in¬ 
put to the TV set. The problem 
should then disappear. 

What is the best location for a mul¬ 
tiband vertical antenna — on the 
ground, on the roof, or on top of a 
mast? — Richard L. Beaty, KA5DDG. 

The antenna should be mounted as 
high above ground and as far from 
surrounding objects as possible. In 
any case, a good ground system is 
important for a vertical antenna to 
work efficiently. Most vertical-anten¬ 
na ground systems consist of radial 
wires arranged around the base of the 
antenna. It is not absolutely neces¬ 
sary that the radials form the spokes 
of a wheel; they can be run in almost 
any convenient manner. Installing 
radials on a mast-mounted vertical is 
more difficult than if the antenna is 
ground mounted, of course. How¬ 
ever, you can use the radials as guy 
wires and slope them downward at 
an angle of, say, 45 degrees from the 
horizontal. This arrangement will 
make the antenna's feedpoint impe¬ 
dance closer to that of 50-ohm coax 
than if the wires were run horizon¬ 
tally. 


Would you discuss ALC in some 
detail? / can't find anything on the 
subject in any authoritative source, 
including ARRL publications or my 
manual for my Yaesu FT-101. — 
Harold F. Keenan, WAIF JR. 

ALC is an acronym for both Auto¬ 
matic Level Control and Automatic 
Load Control. The former is used 
with speech amplifiers in the radio¬ 
broadcast service. In the Amateur- 
Radio Service, the latter term de¬ 
scribes a form of compressor, or 
automatic variable-gain amplifier, 
which is used in SSB transmitters. 
Automatic load control keeps SSB 
transmitter gain at the highest usable 
level without exceeding the peak- 
power capability of the power ampli¬ 
fier — a sort of insurance policy. 

(STJ 



In the simplified circuit shown, 
which is used with zero-biased tri- 
odes, the power-amplifier tube draws 
grid current over a certain portion of 
each excitation cycle. Cl and C2 
divide the rf voltage in the amplifier 
plate circuit. The rf voltage produced 
across C2 is rectified by CR1, which is 
connected so that its dc output volt¬ 
age is negative. This negative dc volt¬ 
age is applied to the control grid of a 
remote-cutoff tube in the driver to 
reduce the gain of the driver stage on 
signal peaks. 

Other circuit elements provide ap¬ 
propriate attack and release time con¬ 
stants and bias. The overall effect of 
ALC is to keep the rf output relatively 
constant and at a level below the 
point where the amplifier is over¬ 
driven by widely varying audio input. 

ham radio 


WHY PAY 

FULL PRICE FOR 
AN 80-10 METER 
VERTICAL 

I ... if you can use only 1/3 
of It on 10? 

.. .or only 1/2 of it on 20? 
... or only 3/4 of it on 40? 




Only Butternut's new 
HF5V-III lets you use the 
entire 26-foot radiator on 
80, 40, 20 and 10 meters 
(plus a full unloaded quar¬ 
ter-wavelength on 15) for 
higher radiation resistance, 
better efficiency and greater 
VSWR bandwidth than 
conventional multi-trap de¬ 
signs of comparable size. 
The HF5V-III uses only two 
high-Q L-C circuits (not 
trapsl) and one practically 
lossless linear decoupler for 
completely automatic and 
low VSWR resonance (typi¬ 
cally below 1.5:11 on 80 
through 10 meters, inclu¬ 
sive. For further informa¬ 
tion, including complete 
specifications on the HF5V- 
III and other Butternut an¬ 
tenna products, ask for our 
latest free catalog. If you've 
already "gone vertical," ask 
for one anyway. There's a 
lot of information about 
vertical antennas in gener¬ 
al. ground and radial sys¬ 
tems, plus helpful tips on in¬ 
stalling verticals on roof¬ 
tops, on mobile homes, etc. 




BUTTERNUT 

ELECTRONICS 

CO. 


P.O. Box #1411 
San Marcos, Texas 78666 
Phone:(512)396-4111 


july 1981 Effl 53 






earth Stonehocker, K0RYW 


DX 

FORECASTER 


last-minute predictions 

Very good conditions on the lower- 
frequency bands are expected during 
the first few days, perhaps through 
the first week, of July, then another 
good period is expected during the 
third week of the month. The DX 
conditions for the higher-frequency 
bands should improve steadily until 
the third week. During this time the 
daylight hours into the evening will be 
favored. Some disturbance is expect¬ 
ed for a day or two in the first week, 
again around the 15th, and possibly 
of longer duration near the 21st of the 
month. 

events of the month 

Geophysical events that may affect 
DX on various bands are plentiful this 
July. The moon comes on stage with 
a partial eclipse on the day it is full 
(July 17th). The eclipse begins at 
0325 and ends at 0609 UT. It can be 
seen from Africa except in the north¬ 
east; southwestern Europe; Antarc¬ 
tica; South America; North America 
except the northwest; the east 
Pacific; and New Zealand. The max¬ 
imum obscurity of moon diameter is 
0.55. Lunar perigee is on the 27th. 

The sun is the big performer, with a 
total eclipse on the 31st beginning at 
0111 and ending at 0620 UT, with a 
maximum duration of two minutes, 
two seconds. The path of totality 
begins on the Arabian Peninsula then 
extends across the southern Black 
Sea, northern Caspian Sea, into the 
USSR and China border, across 
Japan and Hawaii, and into Alaska 
and Northern Canada. Near the path 
of totality radio propagation goes 
from day conditions (high-frequency 
ham bands) to night conditions 
(lower-frequency ham bands) and 
returns to daytime conditions in just a 
couple of hours. 

When daytime conditions return 
after totality, look for DX from 


unusual locations, as extra ionized 
layers are usually formed, which 
change slowly in height from the E to 
F region. The extra layer will support 
only nighttime radio frequencies near 
totality, changing slowly to daytime 
frequencies at the end of the eclipse. 
It should be fun to try some of the fre¬ 
quencies for DX if your QTH is near 
the path of the eclipse. Hams have in 
years past participated in eclipse 
propagation experiments. 

The Aquarid meteor shower starts 
about the 18th, peaks about the 28th, 
and lasts until about August 7th. The 
radio-echo rate at maximum is about 
34 per hour. 

more on sporadic E (Es) DX 

Before the Es season gets further 
along, a few more observations come 
to mind about using Es propagation 
in DX hunting. The DX Forecaster for 
May, 1981, went into some geophysi¬ 
cal aspects of Es production. This 
was to give DXers an idea of where 
and when to look for summer short 
skip. Some antenna design consider¬ 
ations, to be able to couple well into 
the E propagation mode, were men¬ 
tioned. 

To try to short skip into a DX loca¬ 
tion use the following antenna take¬ 
off angles and bearings: the takeoff 
angle should be around 5 degrees to 
make a hop length of 900 miles (1500 
km) to obtain maximum signal 
strength of about 60 dB above a 
microvolt. To obtain the highest 
probability of being able to use the Es 
when it occurs, a fairly wide beam- 
width should be used. That is, a small 
beam is better than a rhombic, and a 
wide-angle beam is better than a nar¬ 
row one. Another rule is to use the 
lowest high-frequency band com¬ 
mensurate with the higher daytime 
versus nighttime absorption of the 
signal and the static. In other words, 
in the daytime don't use the 10-meter 


band when 20 is available or use 40 
meters at night when 80 meters is 
available (if the static is not very bad); 
6-7 dB are available for this difference 
in Es frequency range. 

band-by-band forecast 

Ten meters should provide excel¬ 
lent daytime propagation, particularly 
north/south path DXto South Amer¬ 
ica, Africa and Pacific areas. Expect 
conditions to peak during the after¬ 
noon hours. There will also be some 
good short-skip sporadic-E condi¬ 
tions on many days of the month to 
distances between 500 and 1500 
miles (800-2400 km) or more. 

Fifteen meters will provide good 
worldwide DX during the daylight 
and early evening hours on most days 
of the month. Expect conditions to 
peak during the late afternoon, with 
long- and short-skip signals. 

Twenty meters will be open to some 
area of the world for the entire 
twenty-four hour period on most 
days of the month. The band should 
peak in all directions just after local 
sunrise, and again toward the east 
and south during late evening hours. 
During darkness, the band will peak 
toward the west, in an arc from 
southwest through northwest, that 
will take in Pacific areas. 

Forty meters can often provide good 
DX from sunset, through darkness, 
until just after sunrise, despite the 
atmospheric noise levels (static) — 
provided you choose times when 
local thunderstorm-related static is at 
a minimum. 

Eighty meters can sometimes provide 
openings to DX areas during dark¬ 
ness and at sunrise, but signals will 
be weak and static will be strong. For 
these DX conditions, coastal stations 
often have a better chance of work¬ 
ing DX than do stations in the center 
of large land masses. 

One-sixty meters is almost hopeless 
during the hours of darkness and dur¬ 
ing the daytime. Forget it! 

ham radio 
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a new look 
at the 

W8JK antenna 


This old standby 
provides 
interesting possibilities 
for the new bands 

The W8JK antenna or “flat-top beam" was adapt¬ 
ed for Amateur use and described in QST in 1938 1 by 
John D. Kraus, W8JK. This antenna was widely used 
for several years but has now been largely supersed¬ 
ed by the Yagi, which has higher gainforagiven size. 

In 1970, 32 years after his original QST article, 
W8JK described a 5-band rotary beam antenna with 
several modes of operation. 2 In mode 1, having the 
highest gain, the antenna consists of a pair of vertical 
W8JK antennas stacked horizontally. Whether by 
design or chance, the same issue of QST contains a 
description of a device called "The Ultimate Trans¬ 
match," 2 which is a considerable aid in making the 
basic W8JK an attractive antenna. 

In this article the W8JK antenna is compared to 
the widely-used 3-element Yagi, and it will be shown 
that, despite its lower theoretical gain, the W8JK is 
in several respects the better antenna. 

the W8JK antenna 

The basic W8JK antenna is shown in fig. 1. It con¬ 
sists of two closely spaced dipoles fed 180 degrees 


out of phase. The original W8JK article refers to this 
as a single-section antenna if the dipole length, L, is 
a half wavelength and as a two-section antenna if L 
is a full wavelength. In fact, the antenna operates 
well and with no abrupt change in properties over a 
frequency range such that L varies from less than a 
half wavelength to more than a full wavelength, so 
that this distinction appears unnecessary. In the orig¬ 
inal article and elsewhere 4 more complicated varie¬ 
ties of the antenna, and end-fed as well as center-fed 
versions, are discussed. However, only the basic an¬ 
tenna is dealt with here. 

Operation of the W8JK antenna is as follows: the 
individual dipoles tend to radiate as they would in iso¬ 
lation; that is, with no radiation off the ends and 
maximum radiation at right angles to each dipole. 
However, because of the out-of-phase feed to the di¬ 
poles, radiation cancels in the upward and down¬ 
ward directions. The cancelled radiation is not lost 
but appears elsewhere, primarily in both directions 
along a line joining the centers of the two dipoles. 

Antenna gain depends on both element length L 
and spacing d, but neither is critical. If a lossless an¬ 
tenna is assumed, very close spacing should produce 
the highest theoretical gain, but such spacing also re¬ 
sults in very low radiation resistance, and conductor 
losses cannot then be neglected. In practice, spac- 
ingsof about one-eighth wavelength seem to be opti- 


By Frank Regier, OD5CG, Department of Elec¬ 
trical Engineering, American University of Beirut, 
Beirut, Lebanon 
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closely spaced dipoles fed out of phase. 


mum. The spacing should not be reduced to much 
below this figure but can be increased to a quarter 
wavelength with very little reduction in gain. 

Antenna length is subject to the same constraints 
as in the case of a simple dipole: length should not be 
reduced much below a half wavelength because of 
reduced radiation resistance, and gain increases with 
length up to a maximum at one and a quarter wave¬ 
lengths. 

The gain of a basic W8JK antenna with eighth- 
wavelength spacing and half-wavelength elements is 
about 4 dB in free space. This figure increases grad¬ 
ually to about 6 dB at twice the design frequency, 
and to a maximum of about 7 dB at 2.5 times the de¬ 
sign frequency. 

the Yagi antenna 

The familiar 3-element Yagi antenna is shown in 
fig. 2. This antenna is similar to the W8JK in that its 



gain results from the cancellation of radiation from 
the various elements in some directions and addition 
in others. It differs, however, in how power is applied 
to the various elements. In the W8JK antenna both 
elements are fed directly. In the Yagi only one ele¬ 
ment is fed directly, and the others behave simultan¬ 
eously as receiving and transmitting antennas, re¬ 
ceiving power from the driven element and re-radi¬ 
ating it with an amplitude and phase determined by 
the length of the element and its spacing from the 
driven element. This method of supplying power to 
the parasitic elements makes the Yagi easy to feed, 
but the critical dependence of the phase of radiated 
power on element length makes the Yagi a narrow- 
band antenna, operating as intended only near the 
design frequency. At frequencies far removed from 
resonance, the parasitic reflector and director receive 
and re-radiate little power, and the pattern of the an¬ 
tenna is not very different from that of the driven ele¬ 
ment alone. 

Variations on the 3-element Yagi include: a) an 
increase in the number of directors, leading to im¬ 
proved forward gain (additional reflectors, being in a 
low-field region, would have little effect and are rare¬ 
ly used), b) interlacing elements for various frequen¬ 
cy ranges, and c) the addition of traps in the various 
elements to cause resonance at several frequencies. 
This is a useful procedure but requires compromise 
spacing at the different frequencies. 

a comparison 

Although a 3-element Yagi has more gain in free 
space than the W8JK, there are at least three re¬ 
spects in which the latter is the better antenna. 
These are: noncritical construction, bandwidth, and 
operation at low elevation. 

The noncritical nature of the W8JK results from 
the fact that, unlike the Yagi, it does not depend on 
resonance for its symmetry; and, provided symmetry 
is maintained, element length and spacing are rela¬ 
tively unimportant. 

Its large bandwidth, too, results from the nonreso¬ 
nant nature of the W8JK antenna. This bandwidth is 
such that operation is possible over at least a 2.5:1 
frequency range. Operation over such a range does 
require the use of an antenna tuner or transmatch 
and a tuned transmission line, since antenna impe¬ 
dance does change with frequency. 

antenna height 

We turn now to the question of operation at low 
elevation. It is a matter of great importance, and in 
fact the major point of this article, that the basic prin¬ 
ciple of operation of the W8JK antenna remains valid 
even at very low elevations, whereas under the same 
conditions the behavior of a Yagi degrades to that of 
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a simple dipole. This means that at low elevation the 
W8JK is a more effective antenna than the Yagi. To 
see why this is so, consider first the W8JK (see fig. 
3). The presence of a nearby ground plane will affect 
the antenna impedance, but with a tuned feed line 
and a transmatch this is easily compensated. 

The important point is that, because symmetry is 



not disturbed by the ground plane, the fundamental 
principle of operation — cancellation of radiation in 
the vertical direction — remains valid. Considering 
next the Yagi (see fig. 4), we find that the nearby 
ground plane will severely detune both director and 
reflector and interfere with their excitation by the 
driven element. These two parasitic elements there¬ 
fore become ineffective, and performance degrades 
to that of a simple dipole near ground. 

It follows from the above argument that there 
must be some critical height below which the W8JK 
outperforms the Yagi, and it would be interesting to 
know what that height is. In principle it should, of 
course, be possible to calculate the characteristics of 
both the W8JK and the Yagi as functions of height 
above a perfect ground. But, particularly in the case 
of the Yagi, this presents difficulties, and an experi¬ 
mental approach seems preferable. I am not in a 
position to carry out the experimental work, but I 
have found a reference 5 that seems to contain the es¬ 
sential results. In this reference it is stated that a 20- 
meter antenna, essentially equivalent to a W8JK, at 
38 feet (11.6 meters) gave results comparable to a 3- 
element Yagi at the same height. When 10-meter 
antennas were compared at the same height, the 3- 
element Yagi was found to be superior. This would 
seem to imply that at an elevation of about one 
wavelength, a 3-element Yagi outperforms a W8JK, 
but that at a half wavelength elevation, the two are 
about equal. This would mean that the critical height 
is about a half wavelength, and that below that 
height a W8JK can be expected to outperform a 
Yagi. 

Fig. 5 (from reference 4) shows the W8JK vertical 
radiation pattern at a height of 1/2 wavelength. 


conclusions and remarks 

The W8JK antenna has a number of desirable 
characteristics and makes a particularly good anten¬ 
na in situations where only a low height is possible. 
An elevation of a half wavelength seems to be about 
the critical height below which the W8JK provides 
higher gain than a 3-element Yagi. Thus a W8JK at 
20 feet (6 meters) should be about comparable to a 3- 
element Yagi at the same height on 21 MHz, poorer 
at higher frequencies, and better at lower frequen¬ 
cies. 

Although the W8JK exhibits gain over at least a 
2.5:1 frequency range, the antenna has an impe¬ 
dance that is a function of frequency and should be 
fed by a transmatch and an open-wire line of some 
sort. 

In addition to the 10-, 15-, and 20-meter bands, the 
new Amateur bands at 10, 18, and 24 MHz can be ac- 
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commodated. For example, an antenna with a length 
L—40feet (12 meters) and a spacing d = 11 feet (3.4 
meters) should provide good performance on the 
Amateur bands at 10, 14, 18, 21, 24, and 28 MHz. In 
addition it should provide much improved reception 
on the 12-, 15-, 18-, and 21-MHz shortwave broad¬ 
cast bands, where most listeners make do with a ran¬ 
dom length of wire, or at best, a dipole. If operation 
below 14 MHz is not required, the spacing can be re¬ 
duced to d = 8feet (2.4 meters), and the length L can 
be anything from 24-40 feet (7.3-12.2 meters). 

In closing I might mention that my own experience 
in feeding a 30-foot-long (9-meter) W8JK with 8-foot 
(2.4-meter) spacing by means of a 40-foot (12.2- 
/neter) length of 300-ohm TV twinlead has been bet¬ 
ter than might be expected. There has been no 
breakdown with 1200 watts PEP input, and although 
losses are no doubt somewhat higher than those of 
an open-wire line, the use of twinlead is extremely 



convenient. The main disadvantage of the twinlead is 
that it is necessary to cease operation during rain¬ 
storms because the input impedance of the feed line 
becomes erratic. 
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a 2-way ashtray for your car 

Mounting a handheld transceiver (HTI in your car 
any place other than on the front seat can sometimes 
be a problem — particularly if you want to be able to 
remove it easily. I found a simple solution that works 
well for me, with only about one evening's work. My 
Toyota Corolla (like most cars) has an ashtray in a 
convenient and accessible location on the front dash. 
It suddenly seemed obvious (particularly as I no 
longer smoke) that this would be an ideal location for 
mounting my radio. The sketch in fig. 1 is for a 
bracket to hold a Kenwood TR-2400, although the 
dimensions and design can be altered to suit any HT. 





By Herb Bresnick, KB2XM, 16 Creekside 
L -ive, Honeoye Falls, New York 14472 
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Homebrew mounting bracket fastens to the front of 
automobile ashtray. 


Since the tone pad is on the front of the radio, the 
bracket is cut higher on the sides and lower in the 
front to permit access. 

The ashtray is removed from the dash by simply 
pulling it beyond the normal stop position. Some 
ashtrays require pressing atabso they can be removed 
for emptying. The plastic pull is next unscrewed from 
the inside and removed, leaving a flat mounting sur¬ 
face. The same holes can be used for attaching the 
bracket. 

After the bracket was bent, a coat of black enamel 
was applied and the inside lined with self-stick, felt 
contact-paper to protect the set from scratches. A 
small piece of foam on the bottom absorbs shocks 
while you're driving, further protecting your set. I 
used a strip of Velcro™ to hold the top part of the 
radio to the bracket, although a small leather strap 
would work as well. 

One advantage of this mount is that it can be easily 
slid out for quick removal. It also functions as a sim¬ 
ple stand on a table, and the ashtray even holds 
accessories (charger, earphone, and so on). 

As a further refinement, I mounted a microphone 
holder on the lower front of the bracket and plugged 
an external microphone into the microphone jack, so 
that the entire radio doesn't have to be lifted out for 
talking. A low-impedance dynamic cassette micro¬ 
phone, with a series 0.5-/xF capacitor was found to 
work fine with the TR-2400. The microphone is light 
and compact, and the plugs mate exactly with the 
radio jacks. I replaced the original cable with a coil 
cord for added convenience. 

This was a fun project and has considerably im¬ 
proved the utility of my HT as a mobile rig. Inciden¬ 
tally, if you are a smoker, this is good incentive to 
quit smoking! 

ham radio 


MEMORY KEYER 
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T transformer 115/6.3V at 1 Amp 
R current limit, 110 ohms 
Bat 4.8V at 1.2 AH nicad 
X cut PC board foil here 

fig 

battery backup for the 
K4EEU frequency 
standard 

Because of frequent power failures 
in my area, I made the modifications 
shown in fig. 1 to Bert Kelley's "Uni¬ 
versal Frequency Standard," which 
was published in ham radio, for Feb¬ 
ruary, 1974. 

When line power is on, it provides 
load power as well as charging cur¬ 
rent of near 50 mA as the battery 
approaches the discharged condition. 
However, because of the nonlinearity 
of the LED, current is reduced to be¬ 
low 10 mA trickle charge as the bat¬ 
tery nears the fully charged state. It 
takes about 140 per cent of the bat¬ 
tery rated ampere-hour (AH) capacity 
to fully charge a nicad at the normal 
rate. Typically it is AH/10 x 14 
hours, or a trickle charge of AH/150 


C 500 /iF 25V electrolvtic 
D 1N4001 diodes 
fly relay, HbVacdpdt 
* additional parts 


continuously, depending on the 
amount and duration of power 
failures. 

As shown, the battery will provide 
backup power for about eight hours 
at the normal load rate of 150 mA. 
When fully charged, the battery reads 
near 5.5 volts but in minutes reduces 
to 5.2 volts when discharging. At this 
voltage the frequency standard runs 
about +5 Hz in 10 7 . For about 80 per 
cent of the battery discharge cycle, 
the battery voltage is relatively stable 
near 4.8 volts, and the frequency 
standard runs near normal frequency. 
When the battery nears discharge 
(below 4.4 volts), the standard runs 
about -5 Hz in 10 7 . However, when 
line power returns, the standard re¬ 
turns to normal in minutes instead of 
requiring days to regain normal fre¬ 
quency stability. 

John R. True, N4BA 


516F-2 low-voltage and 
bias modification 

Owners of Collins 516F-2 power 
supplies who have changed from vac¬ 
uum-tube rectifiers to solid-state de¬ 
vices should check the low-voltage 
supply potential. This supply is nomi¬ 
nally given a 275-volt value under 
load and will rise to approximately 
300 volts during standby. With the 
use of silicon rectifiers, an increase of 
10 per cent in these values might be 
expected, but I found it (in two cases) 
to be closer to 20 per cent. This 
means the voltage during keydown 
would be 330 volts and during stand¬ 
by would rise to 360 volts. While this 
had no immediate detrimental ef¬ 
fects, I felt that this condition isn't 
one that's in the best interests of 
equipment longevity! 

Fortunately, the secondary of the 
low-voltage-supply transformer has a 
center tap lead separate from the 
high-voltage winding. Two parallel 
600-ohm, 10-watt resistors were in¬ 
serted between this lead and chassis 
ground (fig. 2). A terminal strip or in¬ 
sulated standoff was mounted near 



fig. 2. 


the chassis side rail beneath the filter 
chokes. The center tap lead of the 
low-voltage secondary winding was 
lifted from its ground connection at 
the terminal strip close to the line 
cord entry and reconnected at the 
junction of the terminal strip and re¬ 
sistors. The resistors were placed 
along this side rail as well. 

When I was done, I found the low 
voltage to be within a few volts of the 
recommended value. A check should 
be made of the paralleled combina- 
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tion of R-89/R-112 (32S-1) or R-140 
(32S-3) since these resistors in the 
cathode circuit of the exciter's VOX 
relay tube run at their maximum 
power ratings, especially in the 
32S-1; later model 32S-3s have a 
higher-power resistor here. 

While working beneath the power- 
supply chassis, I added a 100-volt, 
1-watt zener diode (HEP Z0438) be¬ 
tween R8 and R9 junction. This de¬ 
vice held the bias voltage to within a 
volt or so of its set value, whereas be¬ 
fore this addition the bias wandered 
considerably with the changing trans¬ 
former load during CW keying. 

Paul K. Pagel, N1FB 

trimming the dipole 
antenna 

A formula for finding the length in 
feet of a halfwave wire to be used as 
a dipole antenna is 468/f (MHz). This 
is a good starting place but is usually 
not exactly correct. 

To find the correct length the easy 
way, find the constant for your an¬ 
tenna location and height: this is a 
number near 468 and correct for your 
antenna. 

Erect your dipole in its final position 
after determining the length by the 
above formula. Then find the fre¬ 
quency where the VSWR is lowest for 
this length. Multiply this frequency in 
MHz by the number of feet used. The 
number will be somewhere near 468. 
Now, recompute the length using this 
new constant instead of 468. 

Example: You need a dipole with 
low VSWR at 7.2 MHz. The constant 
468 divided by 7.2 is 65. Put up the di¬ 
pole in its final position with 32.5 feet 
(9.9 meters) on each side. The lowest 
VSWR is at 7.15 MHz. Multiply 7.15 
x 65 = 464.75. This is the constant 
you should have used; you have the 
antenna out there to prove it! This 
time use 464.75/7.2. Answer: about 
64.55 feet (19.7 meters). If you short¬ 
en the antenna by about 2-3/4 inches 
(70 mm) on each side, you will be on 
7.2 MHz. 


All this doesn't mean you're going 
to have zero reflected power at 7.2 
MHz; it means your antenna will have 
the lowest VSWR at 7.2 MHz. 
Chances are small that you'll have the 
antenna in just the right place to pre¬ 
sent 50 ohms of resistive impedance 
to your feed line, and this is the rea¬ 
son for the small amount of reflected 
power remaining. 

E.R. Lamprecht, W5NPD 

radio interference to 
shortwave receivers 

A troublesome source of interfer¬ 
ence to shortwave receivers is known 
as ITV. That's interference caused by 
the horizontal sweep oscillator in TV 
sets. It produces harmonics that 
cause hash every 15 kHz or so in your 
receiver. Cures for ITV have been de¬ 
scribed in numerous Amateur publi¬ 
cations. 

But what about other sources of in¬ 
terference to your receiver? An excel¬ 
lent description and some cures are 
found in reference 1, an article by the 
late Jim Fisk that appeared in an early 
issue of ham radio. Jim described 
causes of and cures for interference 
produced by TV receivers, electric- 
motor-powered appliances, fluores¬ 
cent lights, power lines, neon signs, 
diathermy machines, furnace ignit¬ 
ers, and TV boosters, 
new interference sources 

Now come some new interference 
sources. For example, I recently pur¬ 
chased an ion generator. That's a 
gadget that is supposed to produce a 
healthful environment by shooting 
out ionized particles. It also shoots 
out a lot of rf interference. It wasn't 
long before I heard a new noise in my 
receiver — and so did my neighbors. 
In fact, when I put a key into the 
power line to the ion generator, I was 
able to send spark signals (damped 
waves) all over the neighborhood. (I 
haven't figured out how to eliminate 
this source of interference, except by 
turning off the ion generator.) 

Other sources of RFI (radio interfer¬ 
ence) are light dimmers and digital 


clocks. Some digital clocks have a 
small disk that rotates about once per 
second and produces a noise that can 
be heard some distance away in 
shortwave receivers. 

Finding cures for this type of inter¬ 
ference means working patiently with 
a sensitive monitoring device, lo¬ 
cating the source, and then taking 
appropriate action with filters. 

No one prohibits the sale of these 
interference-producing devices. They 
may crop up in your neighborhood 
any time. So if you hear a strange 
noise in your receiver, start looking at 
some of your new appliances. You 
might be surprised. 

reference 

1. Jim Fisk, W1DTY, "Radio-Frequency Interfer¬ 
ence," ham radio. December, 1970, page 12. 

Ed Marriner, W6XM 

ac-line switching 
precautions 

A friend called me the other day 
and said that he'd used his equipment 
just before dinner and when he left 
the room, he turned "everything 
off." A few hours later my friend 
went into the radio room and smelled 
something burning. His linear-ampli¬ 
fier transformer had burned out! 

"How could this have happened?" 
he asked. "I turned the switch off." It 
developed that my friend had a 



fig. 3. 


heavy-duty cord running into a box 
on the operating table through a 
single-pole wall switch, since he had 
an ordinary two-wire plug on the end 
of the cord. It looked like he was 
breaking the neutral instead of the 
hot side of the ac line, since the linear 
amplifier was grounded. It wasn't too 
hard to understand that the trans¬ 
former was still on the line. (See 
fig. 3). 

Orville Gulseth, W5PGG 
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products 


New Product Report 

Several years ago, in one of the 
April Fool's articles that appeared in 
QST, there was a design for a hy¬ 
draulic antenna mast that retracted 
into the ground. As I remember the 
story, you had to drill a hole as deep 
as the mast was high. To raise or low¬ 
er the mast you filled the hole with 
water. At least at that time it seemed 
like an April Fool's article. 


Now, N-Pro, from Oregon City, 
Oregon, has designed and perfected 
an antenna mast that can be used in 
much the same fashion! Their design, 
however, goes way beyond the QST 
article and is rapidly finding a home in 
both ham and professional applica¬ 
tions. TV stations, for example, are 
putting both cameras and antennas 
for their remote-site shots onto N-Pro 
masts. They find they're able to get 
better pictures from an elevated cam¬ 
era, and also improve their trans¬ 
mitted signals. The N-Pro K2 mast 
extends to 22 feet 2 inches, and can 
lift 150 pounds in just under two min¬ 
utes. When retracted the mast is only 
7 feet 6 inches long. The K2 is fabri¬ 
cated from four sections of 6061-T6 
aluminum alloy. The pipe sections are 


j Ten-Tec Argosy 

Ten-Tec's new Argosy solid-state 
transceiver reverses the upward 
Amateur Radio price spiral with an 
Amateur net price of $549, hundreds 
of dollars lower than you would ex¬ 
pect for a high performance trans¬ 
ceiver. Dual power is a unique fea¬ 
ture: a switch converts the Argosy 
from a 10-watt QRPp rig to a 100- 
watt SSB/CW transceiver. 

The Argosy receiver features 80 
through 10 meter coverage (including 
the new 30-meter band) with broad¬ 
band design for instant band change 
without receiver "peaking"; typical 
sensitivity figure of 0.3 for 10 dB 
S + N/N; 2.5 kHz four-pole crystal fil¬ 
ter (plus optional 1,8-kHz, 500-Hz and 
250-Hz filters); 9-MHz i-f with 60 dB 
rejection; ±3-kHz offset tuning with 
center "off" position; built-in 50 dB 
notch filter that's tunable from 200 Hz 
to 3.5 kHz; optional i-f type 50-dB 
noise blanker; and built-in speaker 
with low distortion audio. 

The transmitter features tuning in 
nine 500-kHz segments (four seg¬ 
ments for 10 meters! with approxi¬ 
mately 40-kHz VFO overrun on each 
band edge; 100 percent duty cycle up 
to 20 minutes on all bands; three- 
function meter shows forward peak 


power or SWR on transmit and re¬ 
ceived signal strength; full break-in 
on CW plus PTT on SSB; built-in side- 
tone with adjustable tone and vol¬ 
ume; ALC control on high power 
only, where needed; automatic side¬ 
band selection plus reverse; normal 
12-14 Vdc operation plus ac operation 
with optional power supply. 

Styling includes molded front 
panel, matching aluminum top, side 
and back panels. Size is 4 x 9% x 
12 inches, to fit and go anywhere. A 
full accessory line is available includ¬ 
ing filters, noise blanker, audio CW 
filter, and calibrator. Full details are 
available from Ten-Tec, Inc., High¬ 
way 411 East, Sevierville, Tennessee 
37862. 

book review: 

The Art of Electronics 

Many books are submitted to us for 
review, but here's one that deserves 
special attention. It's a 716-page, 
hard-bound volume entitled The Art 
of Electronics, written by Paul Horo¬ 
witz and Winfield Hill. The publisher: 
Cambridge University Press, 32 East 
57 Street, New York, New York 
10022. (It is also available in the 
United Kingdom for overseas readers.) 


splined to prevent antenna or camera 
rotation during elevation. 

The K2 uses easy-to-find automo¬ 
tive automatic transmission fluid, 
rather than any of the more expensive 
hydraulic fluids. The hydraulic reser¬ 
voir and pump can be conveniently 
located anywhere in the vehicle. 

Hams will find the N-Pro masts of 
interest for mobile communications 
centers, VHF hilltopping installations, 
and for field day operations. For the 
ultimate in hidden antennas, you can 
even bury the mast as was done in 
the QST article. For more informa¬ 
tion, write N-Pro, 1022 Hazelwood 
Drive, Oregon City, Oregon 97045. 


J. Craig Clark, IM1ACH 


We like this book. It is written for 
the newcomer as well as the ad¬ 
vanced electronics enthusiast. The 
book covers the design of modern 
electronic circuits, without mathe¬ 
matics, in an easy-to-understand 
manner. Just a few of the subjects: 

• Current sources and current 
mirrors 

• Single-supply operational-amplifier 
design 

• Operational-amplifier frequency 
compensation 

• Active filters (with tables and 
graphs) 

• Voltage references and regulators, 
including constant-current supplies 

The book is both novel in its ap¬ 
proach and, in many ways, unique in 
the topics treated. Much emphasis is 
placed on tabular data and circuit ex¬ 
amples, so that you can understand 
circuit behavior and the limitations 
imposed by available components. 
Standard topics are discussed, as 
well as the more specialized tech¬ 
niques needed for the design and 
construction of high-frequency and 
low-noise, high-precision circuits. 

The book provides a well-balanced 
introduction to modern electronics 


july 1981 ED 85 



TRANSVERTERS FOR ATV OSCARS 7, 8 & PHASE 3 



ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

8 0VER8 HORIZONTAL POL. + 12.3dBd D8/2M *63.40 
8 BY 8 VERTICAL POL. D8I2M-VERT. *72.95 

8 + 8 TWIST 8XY/2M *57.75 

420-450 MHz MULTIBEAMS 

48 EL. GAIN + 15.7dBd 70/MBM48 *75.75 

88gL. GAIN + 18.5dBd 70IMBM88 *105.50 

UHF LOOP YAGIS 

28 LOOPS GAIN + 20 dBi 50-ohm, Type N Connector 
1250 1340 MHz 1296-LY 8(1. boom *64.70 

1650-1750 MHz 1691-LY 6II. boom *70.90 
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ATTENTION DEALERS! 

Interested in making a PROFIT? 

Sell our magazine in your store 
with 100% Return Privileges 
Rose will tell you how — 

CALL 1-603-878-1441 

The Ham Radio Publishing Group 

Greenville, NH 03048 


* 
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AFFORDABLE CW KEYBOARD 



Transmits perfect Morse Code * Built-In 16 
character buffer * Internal speaker and side- 
tone * Reed relay output eliminates keying 
problems * All solid state circuits and sockets 
for reliability * Speed range 5—45 WPM * Perfect 
companion to our MORSE-A-WORD CW code 


MORSE-A-KEYER KIT, m 
MORSE-A-KEYER, model MAK-F, Factory 
MORSE-A-KEYER ESSENTIAL PARTS Kl 


. $159.95 
. $205.00 
$ 69.95 




dents add 4% Wisconsin State Sales Ta) 
i o n Telephone: (414* 241-8144 
x 513HR, Thiensville, Wisconsin 5309? 



and we recommend it for study. For 
more information, write Cambridge 
University Press, 32 East 57th Street, 
New York, New York 10022. 

portable 

digital multimeter 

A new, hand held, 314-digit LCD 
DMM has just been introduced by 
EICO Electronic Instrument Co., 
priced at $89.95 including fitted carry¬ 
ing case. The EICO 274 measures ac 
and dc volts, dc current, and resis¬ 
tance in 21 ranges. 

It is a precision-crafted unit that 
features single-chip LSI logic, and 
automatic decimal point and overload 
protection. And you get up to 200 
hours' operation from a single 9-volt 
transistor battery. The automatic LO 
BAT indicator warns you of the last 20 
percent of battery life. The large, LCD 
readouts allow easy viewing, and 
accuracy is better than 0.8 percent. 
Input impedance is 10 megohms. The 
EICO 274 comes complete with 9-volt 
battery, test probes, spare fuse, and 
carrying case. 

For further Information contact 
EICO Electronic Instrument Co., Inc., 
108 New South Road, Hickville, New 
York 11801. 

packaging and bread¬ 
boarding materials 

A twelve-page brochure from Vec¬ 
tor Electronic Company describes 109 
professional electronic packaging and 
breadboarding products that are 
available, over-the-counter, from 
electronics and personal-computer- 
component stores throughout the 
United States and Canada. High¬ 
lighted are microcomputer interface 
boards. Vector Plugbords™, mother¬ 
boards, cases, tools, wiring termi¬ 
nals, and kits. A complete price list is 
included. Write to Vector Electronic 
Company, Inc., 12460 Gladstone 
Avenue, Sylmar, California 91342. 
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For the best deal on 

•AEA* Alii ance*Amec o»A p pi e* ASP 
•Avanll*Belden*Bencher*Blrd*CDE 
•CES*Communicalions Specialists 
•Collins*Cushcrall*Daiwa*DenTron 
•Drake*Husller*Hy-Gain*lcom*IRL*KLM 

• Kenwood* Larsen* Macrolronics* MFJ 

• Midland* MiniProducts*Mirage* Mosley 

• NPC*Newlronics*Nye* Panasonic 

• Palomar Engineers*Regency*Robot 


4th of July 
Fireworks 

ICOM IC-720A all-band Xcvr... 

Now in stock!_$1299 

DRAKE new L75 9-band HF 
linear amp... call for price 
KENWOOD TR-785D Xcvr now 
in stock... call for price 
MIRAGE B-23 2-meter 2/30 W 

FM/SSB linear_$79.95 

APPLE Disk Based System: 
Apple II or II Plus with 48k 
RAM installed. Disk II with 
controller, DOS 3.3 _$1869 
APPLE Game Paddles available 
Quantities limited... all prices subject to 
change without notice 
We always have an excellent 
assortment of fine used equip¬ 
ment in stock... Come in or call 

Erickson is accepting late model 
amateur radio equipment tor service: 
full time technician on duty 

CALL TOLL FREE 

(outside Illinois only) 

(800) 621-5802 


ERICKSON 

COMMUNICATIONS 

Chicago. IL 60630 

5456 North Milwaukee Ave. 

(312) 631 -5181 (within lllmoisl 


Coming Events 

ACTIVITIES 

“Places to go...” 


presenting 

;ha<k dcjk 


m m,\ P'ece 

!/\ JTlr of 

. furniture 


only $107.50 



36” wide by 30” deep & 72” high 

Sholvos adjustable on 2" conlors. 


RICKER EQUIPMENT, INC. 

Fort Wayne, IN 46863 
Box 12304 PH. 219/745-0825 


INDIANA: The Madison County A.R.C.’S MCARC 
Ramies’ on July 26th starting at 6:00 A.M. at the Na¬ 
tional Guard Armory on the Rt. 109 bypass in Anderson. 
Dealers set up at 7:00. Advanced tickets: $2.50. Vendor 

slon at the door: $3.50. Door prizes and more. Talk-in on 
146.22 and 146.52 simplex. Advanced tickets and space 
contact: Everett G. Riley, RR*4. Box 354, Alexandria, IN 
46001. 

INDIANA: The Steuben County Radio Amateurs present 
the 23rd annual Crooked Lake FM Picnic and Hamfest in 
Angola. Indiana on August 2nd. 

INDIANA: The annual LaPorte County Hamlest. spon¬ 
sored by the LaPorte and Michigan City A.R.C.’s will be 

grounds on Highway 2, west ol LaPorte (50 miles S.E. ol 
Chicago) Overnight trailer parking available. Paved Ilea 

Juation. Advanced tickets $2.00 with S.A.S.E. to P.O. 
Box 30, LaPorte. Indiana 46350. 


YOU SAW 
IT IN 

ham radio! 


Tell 'em you saw it in HAM RADIO! 
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WARRL 
^LICENSE 
MANUAL 

78th Edition 

Brand new, fully revised, 
covers the latest FCC 
exams. The new 78th 
Edition should be re¬ 
quired reading for 
everyone studying for 
the Technician, General, 
Advanced or Extra class 
license. This “grand¬ 
father” of all study 
guides has been careful¬ 
ly researched and pre¬ 
pared to ensure that you 
are capable of passing 
the Amateur exams if 
you successfully com¬ 
plete the book. Every 
Amateur should have a 
copy as it also contains 
a complete set of the 
latest FCC Amateur 
Rules and Regulations. 
©1981. Bigger than 
ever. 

□AR-LG Softbound $4.00 

Plus $1.00 Shipping 

ORDER TODAY 


Available From: 

Ham Radio’s Bookstore 

Greenville, 

New Hampshire 
03048 


- 



More Details? CHECK-OFF Page 106 
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Observation 
& Opinion 


Automatic Load Control (ALC) was discussed briefly in last month's "Questions and Answers" column. 
Judging from some of the illegal SSB signals on the air, it seems that ALC is still a mystery to some and 

which appears in this issue. I'd tike to introduce John Weber, K4JW. 

Alf Wilson, W6NIF, Editor 


To me, it's becoming more and more apparent that some of our phone bands are becoming impossi¬ 
ble to enjoy, especially on weekends, because of heavy QRM. Being a "professional loafer," I can 
enjoy most of my phone operation during the week, usually keeping schedules with old friends 
around the country. 

We have to keep some of these schedules in the General portion of 20 meters because some of our 
group are restricted to this portion of the band (not to say that the rest of the band is much differ¬ 
ent!), and many times we are forced to use our linears to plow through the adjacent QRM; thus we 
too add to the overall QRM level. Although ours is a technical hobby, it gives old friends a chance to 
meet and talk — no earth-shattering technical or philosophical discussions, just friendly get-togeth¬ 
ers. But, when somebody "buckshots" from 4 to 7 kHz away, the enjoyment rapidly disappears. 

Just think what a mess we would have if this were still a-m instead of SSB! While NBVM (which 
hasn't caught on) might help, and future spread-spectrum techniques will allow us to hop, skip, and 
jump all over the band with minimum QRM, I am afraid we must still deal with the situation as it is 
today. 

One of our problems has been receiver design: old receivers cannot survive alongside present-day 
linears and high-gain directive antennas, with IMD being the problem usually impeding copy. Fortun¬ 
ately, manufacturers have made considerable improvements to contemporary receivers; with pass- 
band shifters, variable passband, and high-performance filters, it is possible to copy signals that 
would have been impossible to read on older receivers. I hope we all enhance the ability of our receiv¬ 
ers to reject or minimize adjacent QRM by using the rf attenuator and backing off on the rf gain when 
conditions warrant. 

Even so, when an Amateur runs his rig "wide-open," fails to monitor his signal output, and shouts 
into the mike, it gets pretty rough to tweak him out. For some reason, otherwise clean signals get 
very broad when the operator is running phone patches, suggesting somebody is not paying atten¬ 
tion to modulation levels. Of course, these are operator-control problems. One problem it's possible 
to have and not be aware of is an incompatibility of ALC characteristics between the exciter and linear 
amplifier. This can occur because the exciter and linear were made by different manufacturers, or 
because they are of different generations: the 15-year-old linear and the 1981 transceiver. And, of 
course, maybe the ALC line isn't even connected — that's really an operator-control problem. 

I have been using a term not well understood by some Amateurs — ALC. Somebody said it is not 
even mentioned any more in the ARRL Handbook. I think if you look under "Speech Processing" in 
the chapter on SSB you will find it; it did disappear from the index for some reason. ALC is a form of 
speech processing. 

Now, if you would like to know more about ALC, I suggest you read the article entitled, "An Analy¬ 
sis of ALC Circuits" in this issue. With luck, it will help reduce splatter on the bands, and perhaps it 
will prod manufacturers into paying more attention to the design problem and into providing us with 
meaningful numbers so at least we know whether or not a "compatibility" problem exists. 

John P. Weber, Jr., K4JW 
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us comments 


intruder watch 

Dear HR: 

In regard to W5SAD's letter on 
Amateur band intruders (October, 
1980), W5SAD and others may find, 
as I have, that the following message 
sent in CW on the frequency that 
Russian intruders are using will often 
get them to shift out of the band: 
UfTA OE ASTOTA OE ASTX 
MEVDUNARODNOJ 
L//WBITELXSKOJ POLOSY 
OfASTOT POVALUJSTA QSY 
TOTOfASVE 

The italicized OE's, Ul, and IM are run 
together to form the additional Cyril¬ 
lic alphabet characters. 

This message when taken down in 
Cyrillic script reads, "This frequency 
is part of the International Amateur 
band — please QSY immediately." 

Whether or not you sign the mes¬ 
sage with your callsign will depend on 
your local rules. Here in ZL, Amateurs 
are not permitted to communicate 
with non-Amateur stations. This legal 
problem has been overcome by the 
issue of a special call of ZL6IW. I use 
this callsign to ask intruders to shift 
and this works in many cases, al¬ 
though it is sometimes necessary to 
keep on asking for long periods be¬ 
fore they "get the message." 

A fact that most Amateurs choose 
to ignore, whilst still bemoaning the 
presence of intruders, is that most of 
the intruders into our exclusive bands 
are there only because we allow them 
to be. Given the numbers and geo¬ 
graphic spread of Amateur stations 
around the world, it is within our 
power to deny an intruder the use of 
any of our frequencies. Do not move 
aside for intruders when they come 
onto your frequency; you are the le¬ 
gitimate user of the Amateur band, 
not them. Protest the intrusion and 
continue to protest it in any way you 
can. Number 115 of the I.T.U. Regu¬ 
lations reads: "Administrations . . . 


shall not assign to a station any fre¬ 
quency in derogation of. . . the Table 
of Frequency Allocations given in this 
chapter . . . except on the express 
condition that harmful interference 
shall not be caused to services carried 
on by stations operating in accord¬ 
ance with the provisions ... of these 
regulations." It follows that, unless 
an intrusion is protested, the intrud¬ 
ers' administration has the right to as¬ 
sume that its stations are not causing 
harmful interference. 

In addition to any protest you may 
make, your intruder watch should be 
advised of the date, time, frequency, 
and nature of the intrusion, along 
with any relevant information you 
may have, such as I.D., bearing, and 
so forth. It is my opinion that Ama¬ 
teurs generally have allowed the pres¬ 
ent chaotic situation regarding intrud¬ 
ers to develop by "leaving it to the 
other guy" to do something about it 
while they chased off "up the band" 
looking for a clear frequency. Unless 
and until Amateurs as a whole are 
prepared to act, either through their 
intruder watch or personally, the situ¬ 
ation will not improve. 

R.E. Knowles, ZL6IW/ZL1BAD 
N.Z.A.R.T. 

Intruder Watch Coordinator 
Papakura. New Zealand 

instant balun 

Dear HR: 

Here is some pleasant news, an ad¬ 
dition to the fourth in the series of 
fine articles by W6GGV on transmis¬ 
sion-line circuit design (March, 1981, 
ham radio). Last year I went through 
Wheeler's 1978 MTT paper (reference 
1 in W6GGV's article) of constructing 
a 4:1 balun for the K2RIW 432 anten¬ 
na. The results were pleasant indeed. 

We have all seen PaulShuch, N6TX, 
exploit the fact that a 0.1-inch strip¬ 
line on the standard G-10 glass epoxy 
board with groundplane has a charac¬ 
teristic impedance of 50 ohms. What 
Wheeler's equations show is that a 
0.1-inch stripline centered between 
two parallel plates, constructed of 
our G-10 boards, is also 50 ohms! 
(See sketch.) You'll need four one¬ 
sided boards. Etch a 0.1-inch-stripline 
on one using the standard tape. Etch 
a second board free of copper, then 


A sandwich of four G-10 glass epoxy 
boards make an instant 50-ohm balun. 


epoxy all four boards together. In¬ 
stant balun. 

C.R. MacCluer, W8MQW 
East Lansing, Michigan 

ten-second call swaps 

Dear HR: 

As a newcomer to DX, I find myself 
dismayed when, after exchanging 
callsigns with a DX station, the other 
operator rushes off to make another 
contact. While I realize that he is try¬ 
ing to give other operators in the win¬ 
dow a chance to make contact, I feel 
that these ten-second QSOs should 
be limited to Field Day and similar 
contests. It is my opinion that, in 
order to qualify for a DX award, the 
operator should acquire some mini¬ 
mum information regarding power, 
antenna, or even atmospheric condi¬ 
tions. This would add possibly 
another ten seconds to each QSO, 
which I don't think would be exces¬ 
sive or prohibitive. 

Part 95 states that one of the fun¬ 
damental purposes for the Amateur 
Radio Service is to advance radio 
technology. A call-swap QSO does 
not help to accurately evaluate a new 
antenna or an experimental matching 
network. Armed with the information 
I suggest to be exchanged, some rea¬ 
sonable judgments can be made and 
conclusions drawn concerning a sta¬ 
tions performance. 

I am aware that the system I pro¬ 
pose is not perfect, and some modifi¬ 
cations would have to be made but I 
can see nothing constructive or crea¬ 
tive coming from the current DX 
practices, and I think that it is time for 
a change. 

Bill Marinara, WB1FJE 
Hamden, Connecticut 
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Eleven Or me uompiaining Amateurs were selected ror tne indictments, with two indict- 
ats returned for each complainant. Stankus, NlAAR, was to have been arraigned July 1 
d will probably go to trial this fall. If convicted, he faces a maximum fine of $1000 
1 five years in prison on each of the 22 counts. 

PROPOSED PLAIN-LANGUAGE AMATEUR RULES , PR Docket 80-729, has received a last-minute 
D-month extension on the due date for Comments. Acting on a request from the ARRL, 
s Commissioners agreed June 15 on an August 22 due date for Comments, with Reply Com¬ 
ats due on or before October 21. 

OSCAR 7 IS PROBABLY DEAD FOR GOOD , following a sudden failure June 12. Thermal stress 
duced by the solar eclipse it began experiencing on each orbit after May 22 may have 
iggered the failure. The current theory is that the battery pack (which had been open 
ice a cell failed in 1978) has shorted and pulled the power bus down. KA9Q, whose cal- 
Lations predicted the solar eclipse, estimates the spacecraft will return to full sun- 
j>ht about July 12. There is a possibility, considered remote, that it could recover 
2n. Users are asked to monitor OSCAR 7's beacon frequencies, 29.502 and 145.972, and 

report any signs of life to AMSAT. 

OSCAR 7 Has Been An Exemplary Satellite . Launched November 15, 1974, with a design 
Ee of three years, it has provided Amateurs throughout the world with literally mil- 
ms of contacts during more than six and a half years of operation. OSCAR 6, with a 
2-year design life, lasted over four and a half years. 

The Ariane Launch June 19 from French Guiana was a complete success, reinforcing ex- 
itations that the Phase 3B spacecraft will go up next year as scheduled. Two satel- 
:es, each weighing about 1500 pounds, were launched into orbit by the French rocket. 

2, the experimental Indian "Apple" satellite, is reported to be having problems ex- 
iding its solar panels. W6VI0 at the Jet Propulsion Laboratory joined WA3NAN and 
?LQQ in reporting the 1203Z launch to listening Amateurs worldwide. 
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John L. ReimRtz 

cfather o$ Shortn>a\>e Radio 


By Leonard Spencer, WA6CBQ 


As a Novice-class Amateur attending one of my 
first radio-club meetings, I was recruited to help the 
guest speaker with his demonstration of a "tuna-fish- 
can rf bridge." It was the Monterey Bay Radio Club 
in Salinas, California, during September of 1959, and 
that speaker was John L. Reinartz. Little did I realize 
at the time the scope of his electronic accomplish¬ 
ments. 

We met again when I served as president of the 
same club and invited him to furnish a program. He 
was accompanied by Mrs. Reinartz, who was a true 
helpmate and at that time also an Amateur with the 
call K6MJH. She was an observer and participant in 
much of the pioneer experimentation which brought 
about shortwave communications. It is with her co¬ 
operation that facts pertaining to these events have 
been obtained for this article. 

Between the years 1921 and 1925, John L. Rein¬ 
artz led the Amateur Radio experimenters of that 
time in development of shortwave communications 
below 200 meters wavelength. Recognized engineers 
and scientists of that time considered these wave¬ 
lengths useless. 

Reinartz engineered the receiving and transmitting 
circuits, developed tune-up procedures, and did the 
research necessary to explain how the shortwaves 
performed as they did. For this Amateur Radio 
accomplishment, he truly earned recognition as the 
father of shortwave radio. He upset many of the 
accepted theories of fundamental radio communica¬ 
tions and probably for this reason did not get the rec¬ 
ognition he deserved at that time. 


greatest contribution 

In 1964, Herbert Hoover, Jr., W6ZH, then presi¬ 
dent of the American Radio Relay League, awarded 
Mr. Reinartz the first Hiram Percy Maxim Gold Medal 
for the greatest contribution to Amateur Radio in the 
past 50 years. The ceremony took place on the 50th 
anniversary of QST, at the Pacific Division Conven¬ 
tion in Sacramento, California. Actual presentation 
was made later at the Fort Ord Hospital, as Reinartz 
was unable to attend the convention. 

Mr. Hoover summed up his address with this trib¬ 
ute to Reinartz, then retired and living in Aptos, Cali¬ 
fornia, and using the call K6BJ: 

"In the immediate scramble for shortwaves that 
followed his basic concepts, Reinartz' pioneering 
work became strangely overlooked. Perhaps the fact 
that he was an obscure electrician in a New England 
textile mill, who had overturned the accepted 
theories of the scientific authorities of the day, had 
something to do with it. 

"But John Reinartz should not be forgotten. 
Quiet, modest, and unassuming as he may be, he — 
perhaps more than any other individual — is the 
father of shortwave radio. When we realize that to¬ 
day, 40 (now 57) years later, the great bulk of the 
world's long distance radio communications — 
broadcast, point-to-point, marine, aviation and all 
others — still takes place on these same shortwaves 
that were first demonstrated by Reinartz, we can 
justly be proud of his Amateur accomplishment." 

When Mr. Hoover's activities at that time are con¬ 
sidered, these statements give more perspective to 


10 M August 1981 







Reinartz was radio operator on board Bowdoin for MacMillan's 1925 Arctic Expedition using WNP IWireless North 
PoleI. Many firsts occurred that summer when shortwave radio provided daily communications from the far 
north in the daytime. Commander MacMillan wrote in a National Geographic story, "Much of the success of the Ex¬ 
pedition s radio work depended upon the eager cooperation of Reman?' associates of the American Radio Relay 
League in transmitting messages. More than 30,000 words of news dispatches alone were sent out from Bowdoin ad 
dressed to the National Geographic Society and released by it, day and night, to the press associations. " AH without 
financial remuneration - remember the regulations / 
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events in early-day radio. With the call 3ZH he had a 
kilowatt tube-type transmitter in Washington, D.C., 
and during the 1922 transatlantic tests his station 
was heard in Switzerland and elsewhere in Europe. 
He was trying to communicate across the Atlantic at 
much the same time as Reinartz. It was the shorter 
wavelength 100-meter equipment used by Reinartz 
that made the accomplishment possible, using a 100- 
watt transmitter with 400 watts input. As Reinartz 
said in a magazine article at the time, "I didn't give a 
darn whether I burnt up the tubes or not." 

honored as a professional engineer 

More professional recognition was given Mr. Rein¬ 
artz in January, 1958, when he was named a Fellow 
of the Institute of Radio Engineers for his early work 
on radio-wave propagation. He had 28 patents in the 
electronics field, but his early circuits were not con¬ 
trolled, as he wished everyone to make use of them, 
even to the extent of letting commercial enterprises 
manufacture them. 

Reinartz received a bronze-plaque life membership 
in the Institute of Electrical and Electronics Engi¬ 
neers, Inc. A medal was awarded him by the Man¬ 
chester, Connecticut, Chamber of Commerce on 
May 14, 1925. Manchester was his home town. The 
1960 session of the California Legislature passed a 
resolution, dated March 8, commending Mr. Reinartz 
for his contributions to microwave radar. A beautiful 
plaque from the Central California Radio Council was 
presented to Reinartz, K6BJ, on April 6, 1960, in rec¬ 
ognition of his many years of service to Amateur 
Radio. Among his other honors he was a member of 
the Explorers Club of New York, the American Polar 
Society, an original member of the American Radio 
Relay League, and an associate member of the Naval 
Institute. 

spark station in 1908 

John's youthful interest in radio started in 1908 
when he bought an issue of The Electrical Experi¬ 
menter at a magazine counter near school. He 
bought the secondary of a one-inch spark coil he saw 
advertised there by saving the 10 cents a day he 
earned working for a blacksmith. The transformer 
was completed by using iron wire for the core and 
bell wire for the primary winding. He made the elec¬ 
trolytic interrupter for the spark coil, and fashioned a 
coherer from a quarter-inch glass tube filled with fil¬ 
ings from nickel coins. Using his initials, JL, as his 
call (as was done in the days before controls), he 
connected his spark transmitter to a 600-foot anten¬ 


na installed between some trees and went on the air. 

By 1921, Reinartz, using the call 1QP and working 
as superintendent of the local power company, pub¬ 
lished a magazine. How to Build Receivers and 
Transmitters at Low Cost. It was distributed free, 
and it was at this time that his famous tuner was de¬ 
veloped. These circuits were reproduced and infor¬ 
mation on construction reprinted in the radio maga¬ 
zines of nearly every country in the world. Because 
of this wide publicity, thousands of his tuners were 
built. 

QSTin October, 1922, carried a symposium of fur¬ 
ther improvements on the Reinartz tuner. An editor's 
note states: "It is impossible for us to keep up with 
this man Reinartz. Since preparing the foregoing for 
publication he has dropped around with another 
'trigger circuit' that knocks its predecessors cold." 

first across Atlantic 
on 100 meters 

Reinartz participated in the planning of, and de¬ 
signed the circuits used for transmitting, the first 
transatlantic two-way radio communications. Mon¬ 
sieur Leon Deloy, f8AB, of Nice, France, had been in 
the United States to attend the 1923 ARRL National 
Convention in Chicago. At that time, Deloy visited 
the Reinartz home in South Manchester, Connecti¬ 
cut, where he was given the circuits and construc¬ 
tion details of the famous transmitters at a session 
that lasted until 3 AM. Together, they arranged for 
the transatlantic tests on 100 meters. Reinartz had 
developed a single tuner for receiving which was var¬ 
iable from 200 meters down to 28 meters, along with 
the technique of setting the transmitting and receiv¬ 
ing equipment to precisely the desired frequencies so 
each station was compatible with the others. 

This great event in shortwave radio took place the 
night before Thanksgiving Eve at exactly 10:30 EST, 
the time at which the restrictions on Amateurs, to 
prevent interference with broadcast listening, were 
lifted. 

F.H. Schnell, alMO, traffic manager for the ARRL 
in Hartford, Connecticut, had secured special per¬ 
mission from the Supervisor of Radio in Boston to 
use the 100-meter wavelength for these experiments. 

Deloy, f8AB, on the night of November 27, 1923, 
called America and sent two messages prior to the 
10:30 schedule. Both of these messages were copied 
by Reinartz at his home station in South Manchester. 

At 10:30 long calls to France by aIXAM, the spe¬ 
cial experimental call assigned to John Reinartz, and 
alMO, the call of the station owned jointly by 
Schnell and Kenneth B. Warner, secretary of the 
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ARRL, were heard "QSA vy one foot from phones/' 
across the Atlantic. Steady and reliable communica¬ 
tions were carried on for two hours and five minutes 
that night, which was until 6:35 AM in France. 

Message number one from America was addressed 
to General Ferrie, Director of Telegraphs for the 
French government, which was acknowledged at 
11:06, and read as follows: 

"America greets you for the first time by Amateur 
Radio across the ocean on 100 meters." Signed 
ARRL. 


long-wave communications 

Another sidelight to the problems of this era was 
that very little commercial equipment was available 
for use below 200 meters. Reinartz' circuits accom¬ 
plished this, making the short waves practical for 
experimentation. 

Early transmitting circuits were not shielded. They 
were of open breadboard construction, so rf poten¬ 
tials were prevalent pretty much everywhere. Rein¬ 
artz seems to have been the first to establish a nodal 



This operating position shows John L. Reinartz in 1921 with his famous tuner of that era in use, with three stages of audio amplification in the 
top cabinet. The spark transmitter, located in the cellar, was remotely controlled from this upstairs room. The Kewpie doll on top of the re¬ 
ceiver was sent to him by a Canadian Amateur as a mascot - he had the famous IQP call at that time and signed some of his message traffic 


Two nights later, Reinartz" station, 1XAM, suc¬ 
ceeded in connecting with Deloy's f8AB in France 
twice, and at 10:40 asked Deloy to change his wave¬ 
length as he was being interfered with by station 
KDKA at about 103 meters. Deloy was not heard 
after that. 

A complication arose when international DX be¬ 
came possible, that of identifying call letters for the 
various countries. Assignment of calls specified a 
district by number and a suffix of alphabetical char¬ 
acters, but no prefix to the call. The early DX workers 
added prefix "u" for United States, "a" for America, 
or "y" for Yankee, to establish country of origin as 
the United States of America. Great Britain used "g" 
and France "f" to do the same. 


point, or point of zero rf potential, at the filament tap 
on the oscillating circuit. He did this by connecting 
an rf choke from filament to ground and tuning the 
circuit until no current flowed through the choke. 
This later became part of the standard technique. 

A really practical shortwave transmitting circuit de¬ 
signed by Reinartz was published in an Amateur 
Radio magazine. The Modulator, in May of 1923. 
This was the official organ of the Executive Radio 
Council, Second District, published in New York 
City. 

The story was tied in with another article concern¬ 
ing the failure of two-way transatlantic work be¬ 
tween the American and English Amateurs. Because 
of the great amount of interference, anything in the 


August 1981 SB 13 




ReiruRtz 



Here is a panel view of 1922 version of the Reinartz shortwave 
tuner, built by W. IV. "Woody" Wilson. WA6KVW, from an early 
magazine article. He used authentic parts of that period from his 
extensive antique wireless collection. Switch points picked up pro¬ 
gressive taps on the coils — an early version of band switching, 
you might say. 

way of continuous reception had been prevented 
when stations were operating between 180 and 350 
meters. Most of the transmitting and receiving equip¬ 
ment was designed to function somewhere in that 
part of the spectrum. 

shortwave experimentation 

Following are quoted paragraphs from The Modu¬ 
lator. 

". .. real shortwave transmission did not exist until 
the recent ARRL tests between stations 3ALN, 1HX 
and 1 AW, in cooperation with 1QP were consum¬ 
mated. 

"The results of these tests were of great interest to 
the Amateur world. They proved that transmission 
on 100 meters was a practical proposition. It was car¬ 
ried on for several weeks before the officials would 
commit themselves. 

"And, now, with the announcement of the Hoover 
Conference recommendations, we find that we may 
have to transmit on those shorter waves I The study, 
therefore, of a successful transmitter will be of imme¬ 
diate interest. 

"One of the best shortwave transmitters used in 
the preliminary tests was that of station 1QP, John L. 
Reinartz, of Tuner fame, located in South Manches¬ 
ter, Connecticut. Reinartz developed for these tests a 
type of transmitting circuit which is not less remark¬ 
able than his receiving circuit. With it, he reached the 
low limit of 100 meters, with mighty good radiation. 

"Reinartz tells us that the success of his transmit¬ 
ter depends on the adjusting of the counterpoise and 
antenna current so that there is equal amount of cur¬ 
rent flowing through both. To obtain this, both the 
antenna and counterpoise are tuned separately with 
a radiation meter, and the adjustment of the helix 
(coil) turns in both circuits. At this adjustment, the 


plate current is lowest. To further regulate the cir¬ 
cuit, the grid condenser is adjusted so that the plate 
current falls no further. 

"Now that the Amateur has proved his efficiency 
on what were considered 'useless' waves, he will 
have the opportunity to show what he can do on the 
lower ranges and limits. Here is the field — some of 
the pioneer work has been done — so let's get at it. 
The field is large in its opportunities, and if the Ama¬ 
teur's skill is equal to it, he will contribute many 
things to the science and art of communication on 
the shorter waves." 

Reinartz' station on 100 meters, 1XAM, determined 
a new principle in antenna operation. For the first 
time, he used a counterpoise as the other half of a 
balanced antenna system instead of a capacity 
ground connection as had been common practice. 

explains shortwave propagation 

During 1923 and 1924, Reinartz compiled statistics 
on the stations he worked and those which reported 
hearing his experimental shortwave transmissions, 
some 5,000 in number. He hoped to determine why 
the shortwaves performed as they did. Experiments 
were carried on during an eclipse of sun to prove that 
sunshine made shortwave communications possible. 

From his experiments, he came up with a "skip 
distance" theory, based on reflection or refraction 
from the ionized Kennelly-Heaviside layer, to explain 
the shortwave phenomena, and he predicted that 
communications would be possible across the nation 
in the daytime hours, which was an entirely new con¬ 
cept at that time. 

Reinartz had schedules with stations NKF (call of 
Naval Research Laboratory at Bellevue, D.C.), 8XC, 
and 2EB on wavelengths below 40 meters in 1924. 
Tests were made at night, with three miles or so 
being the only completed QSOs. 



Inside view of the Reinartz tuner with spiderweb inductance, 
which was an improvement over the original version in June, 1921 
QST. 7 he tube is a UV-199. Gridleak resistor was in dip holder for 
easy changing. Note hole in panel to check on tube filament glow, 
controlled by varying rheostat on front panel. 
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Then daylight tests were made on December 21. 
At 3:25 PM CST, 9EK, Hoffman, called 1XAM, Rein- 
artz. They had been hearing each other for some 
time and suspected they could work together easily. 
This they did on 21 meters until 4:30 PM when sig¬ 
nals suddenly dropped out. As usual with this band, 
darkness had changed the transmission pattern. The 
most important part of this QSO was that 6AJF, 
Frank C. Jones, at Berkeley, California, copied both 
stations — 9EK in Madison, Wisconsin, and 1XAM in 
South Manchester, Connecticut! 

daytime transcontinental signals 

Two-way communications on 21 meters were con¬ 
ducted between Reinartz, 1XAM, from South Man¬ 
chester, Connecticut, and Ed N. Willis, 6TS, Santa 
Monica, California, at noon on January 22, 1925. 
They maintained continuous communications for 25 
minutes and had to stop so Reinartz could get back 
to work as electrician at the silk mills. 

The April, 1925, issue of QST contained "The Re¬ 
flection of Short Waves," by John L. Reinartz, 
1XAM, in which the editor said: "We consider this 
article one of the most important contributions made 
to radio literature." This evaluation proved to be 
true. 

The article explains with drawings and text how 
the shortwaves propagated, providing the theories 
for the Maximum Usable Frequency and Lowest 
Usable Frequency as we know them today. These 
theories contradicted the then-accepted action of re¬ 
flection by the Kennelly-Heaviside layer surrounding 
the earth. Reinartz' theory of "skip" is now scientific 
fact. 

There was a controversy as to who was first to 
work across the Atlantic Ocean on 20 meters during 
daylight, but credit is given to Reinartz, uIXAM, and 
Secretan, g5LF, in England, for being the first to 
accomplish the feat. 

On May 3, 1925, communication was made on 20 
meters between British Amateur station g20D and 
Australian a2CM, following planned experiments, so 
the use of shortwaves for DX rapidly became popular 
once the Amateurs could make the equipment work 
on these wavelengths. (Notice that frequency is not 
mentioned in the early days of radio. It was always 
wavelength in meters — metric units from the start!) 

In 1923, Amateur Don Mix, ITS, was assigned as 
radio operator with the MacMillan Expedition to the 
Arctic. His equipment was built to work in the 180 to 
220 meter range, and this proved to be unreliable for 
consistent communications from the north because 
of the long period of daylight during the summer¬ 


time. This was the eighth polar exploration of which 
MacMillan had been a part — and the first to use 
Amateur Radio to maintain contact with civilization. 

Arctic expedition of 1925 

John Reinartz' participation in the Navy-MacMillan 
Arctic Expedition of 1925 began when he received a 
letter from Hiram Percy Maxim, president of the 
ARRL, inviting him to cooperate with Commander 
Donald B. MacMillan, USNR, and E.F. McDonald, 
Jr., president of Zenith Radio, which was to supply 
the radio equipment. Reinartz helped to design and 
construct the shortwave station installed on Bow- 
doin, a schooner with an auxiliary oil-burning engine, 
commanded by MacMillan. 

Captain McDonald, USNR, was in command of 
Peary, a coal-burning steamship, on the expedition. 
Lieutenant Commander Richard E. Byrd, Jr., on ac¬ 
tive duty in U.S. Navy, was in command of the Naval 
Aviation Detachment with the expedition in his first 
attempt to fly over the North Pole. 

This expedition was organized under auspices of 
the National Geographic Society and the U.S. Navy. 
Here is a quotation from the National Geographic 
magazine of that time: 

"Airplanes will explore in days icy areas of the Arc¬ 
tic which would take months to traverse by dog 
sleds. Radio is telling the daily program of work 
which in years past would be shrouded in silence for 
months. For the first time in Arctic history, color 
photographers are recording, for members in early 
issues of their Geographic, the surprising tints of the 
far north, the native life, birds and many beautiful 
Arctic flowers. 

"These new aids to travel and communication 
enable the expedition to engage upon a program per¬ 
haps of broader exploration and scientific study than 
any expedition heretofore has attempted. 

"The flying of the U.S. Navy airplanes under the 
direction of Lieutenant Commander Richard E. Byrd, 
Jr., and his splendid personnel, not only is epoch- 
making, but marks an important experiment in avia¬ 
tion that will focus the world's attention." 

First date of the personal radio log kept by Reinartz 
on the Arctic expedition is June 16, 1925, while the 
crew was preparing to depart from Wiscasset, 
Maine. Amateur calls worked on 40 meters are 
entered in the record for several days and the Nation¬ 
al Geographic message of the day was transmitted 
using Amateur Radio for relay. Some of the interest¬ 
ing entries follow: 

"June 26 — Left Sydney (Nova Scotia) at 9:15 
AM. During radio watches, worked NKF and 1QP 
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(his home station in Connecticut), 1MY (a personal 
friend), and several other Amateurs in 40-meter 
band. 

"June 28 — At sea bound for Battle Harbor. Gave 
1MY a message by voice at 7:20 PM in the 40-meter 
band. 

"July 1 — At Battle Harbor. Met Stanley W. Brazil 
who operates the northernmost Marconi radio sta¬ 
tion on Labrador coast. Made him a transmitter and 
receiver operated entirely from dry batteries and ex¬ 
pected that he would be able to keep in touch with 
me on the trip north, which he didl 

"July 2 — Don't forget to learn the code better 
please — I want to hear you on the air when we are 
up north." (This was in a letter from John to Mrs. 
Reinartz mailed from the last post office on the way 
north, Battle Harbor, Labrador.) 

"July 5 — Left Battle Harbor at 12:30 AM aboard 
Peary for Hopedale (Labrador). Sailed on Peary in 
order to put their defunct radio equipment in com¬ 
mission. Was necessary to tear out all the radio 
equipment and rebuild more compactly. 

"July 6 — Left Peary after fixing radio equipment 
and reboarded Bowdoin when she stopped on 
account of fog. 

"July 23 - From WNP to 1MY 6 PM via f8QQ. 
Have Gertie (Mrs. Reinartz — Gertrude) keep IXAM 
going on 20-meter band with bug 8 AM to 8 PM Sat¬ 
urday and Sunday. Sig. Kewpie." (This was for ex¬ 
periments in determining time when 20 meters would 
be open to the United States from the northern end 
of Greenland. Reinartz had an automatic code send¬ 
ing device at his home station, which he had used 
earlier in his experiments on shortwaves. The keyer 
was made by John from a clock mechanism and the 
spring had to be wound up every half hour. Code sig¬ 
nals were made by timing from a revolving disk at¬ 
tached to the clock.) 

"August 2 — Etah at last. Had a great time today. 
Heard many 20-meter Amateur stations and worked 
9CXX, Cedar Rapids, Iowa, on 16 meters. Gave him 
message number 218 to Mrs. QP." 

Quote 

Am well and happy. Love via 20 meters from 
Etah the first time in history of radio at 3:40 PM. 
Kewpie 
Unquote 

This message was telegraphed to Mrs. John L. 
Reinartz that same day by Arthur Collins, and several 
other Amateur stations who received it, and was the 
first message ever to be sent on short wavelengths 
from the frozen north in the daytime. 

Etah, Greenland, was the ship base from which the 


planes explored the uncharted regions of the North 
Pole. WNP (Wireless North Pole) operated by Rein¬ 
artz, was aboard Bowdoin at Etah. (9CXX was the 
station of Arthur A. Collins, then a student in high 
school. He cut classes to get back to his rig to 
handle these communications. He was to become 
famous for the manufacture of quality electronic 
equipment, and Collins Radio is now part of Rock¬ 
well International conglomerate.) 

"August 11 — The three planes off to Ellesmere 
Island at 10:47 AM. The NA-3 back at 2:15 PM, the 
NA-2 back at 2:30 PM, and the NA-1 back at 2:44 
PM. They could not land due to fog. Was in radio 
communication with Washington, D.C., through 
Cedar Rapids, Iowa, and gave notification the instant 
the planes returned. Newspapers had news within 15 
minutes of their return. 

"August 12 — It is evident that planes are not go¬ 
ing to be useful up here. The Los Angeles (dirigible) 
would be much better. A drop means certain death. 
Looks as if the flyers knew it too well. 

"August 15 — Made world's record by using radio 
telephone to Cedar Rapids at 12:30 PM. 

"August 17 — Not much doing. Planes having 
hard time finding landing place on Ellesmere Island. 
Again talked with Cedar Rapids at 2 PM. It was noon 
at Cedar Rapids. 

"August 18 — Same old story. Planes not suited 
for job." (These single engine Loening biplanes were 
specifically equipped with dry-battery-operated 
receivers and transmitters capable of operating be¬ 
tween 37 and 42 meters wavelength, plus standard 
Navy aircraft equipment operating on 500 meters.) 

"August 20 — Bad weather. Packing up to go 
home. 

"August 21 — Left Etah at 6:29 AM for home. 

"September 14-20 - At Godthaab (Greenland). 
While there visited the Norse ruins, going to the ruins 
on September 15 at 7 AM and returning on the 16th. 
The ruins are about 15 miles from Godthaab, at the 
end of the fjord. 

"October 10 — stayed at Monhegan due to storm 
until Monday morning when Bowdoin left for 
Wiscasset. The end of the journey." 

The next year, after the expedition of which Rein¬ 
artz was a part, Lieutenant Commander Richard E, 
Byrd and his pilot, Floyd Bennett, flew over the 
North Pole in a commercial type Fokker three-motor 
plane, Josephine Ford. Bennett had been a Navy 
Pilot with the 1925 MacMillan Expedition. The flight 
left from Kings Bay, Spitsbergen, May 9, 1926, mak¬ 
ing a 15-hour, 1500-mile trip over the pole, returning 
to Spitsbergen. 

Three days later. May 11, 1926, the Amundsen- 
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Ellsworth-Nobile flight, leaving from the same place, 
using a dirigible 347 feet long, dropped Norwegian, 
American, and Italian flags over the North Pole and 
continued on to Teller, Alaska. Each expedition add¬ 
ed more knowledge about the Arctic region, making 
it easier for other explorers to follow them. 

After the Arctic expedition, Reinartz did further 
experimentation for the Navy, and worked on meas¬ 
urement of voltages produced by growing plants at 
what is now the University of Connecticut. He was 
commissioned a lieutenant in the Naval Reserve in 
1929 and conducted weekly classes via radio for 
Third Naval District personnel. 


fying fm radio. 

Professional engineering status was earned in the 
State of Connecticut, July, 1936, when he was 
issued Certificate of Registration number 947. 

active Navy duty 

In 1938, Reinartz was called to active duty in the 
Navy as a personnel officer, assigned to assemble eli¬ 
gible, experienced radio personnel for training and 
research. By the time of Pearl Harbor, he had assem¬ 
bled a list of 720 reserve officers and 3500 enlisted re¬ 
serves who were quickly assigned to communica¬ 
tions duties. 

His initial job done, Reinartz was assigned to other 



At the 1355 AHftL Pacific Division Convention in Fresno, California, the tecnnical discussion topic was "Your Future One-kW SSB Final. " 
Here John L. Reinartz shows the finished transmitter to very interested Amateurs at the conclusion of the lecture. About his work he said, 
"I'm not selling anything, but basically these hams are the men who eventually move into places of prominence as operators of the big com¬ 
mercial stations, engineers in the telephone industry, ship operators, executives in the communications field, and military signal transmis 
sion experts. They have the know-how for the important jobs." 


Reinartz' formal education ended at the eighth 
grade level. He took correspondence courses and at¬ 
tended evening school classes to keep learning. In 
1930, he decided on a college education. He attend¬ 
ed Connecticut University for two years, majoring in 
radio and mathematics, but received a job offer from 
Radio Corporation of America that was too good to 
turn down, so went to work for RCA in 1933. Twenty- 
three Reinartz patents were assigned to RCA in this 
five-year period, some of them on methods of simpli- 


Washington duties, including a tour as head of the 
Radio and Radar Division of the Naval Research Lab¬ 
oratories, at which time he supervised the work of 
1200 physicists. 

As a member of the Joint Chiefs of Staff commu¬ 
nications setup, he had a lot to do with the vital nerve 
system which meant so much to Allied victory. He 
was assigned to the office of the Chief of Naval 
Operations. 

Reinartz was a member of the Defense Communi- 
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Here Mrs. Reinartz points to an entry in the personal log kept by 
John L. Reinartz while he was radio operator of station WNP on 
board Bowdoin during 1925 Arctic Expedition to North Pole 
regions. Captain Reinartz is in photograph beside replica of 1922. 
version of his famous tuner. Scrapbook behind photo is of Arctic 
trip and larger book contains dippings and programs of events in 
which John participated while with the EIMAC firm. 

cations Board at its formative meeting January 6, 
1941. For a time, he was on the West Coast in charge 
of modification of all airborne radar for the Pacific 
areas. 

In 1946, Reinartz rejoined RCA, and in 1949 moved 
west to become part of the Eitel-McCullough, Inc., 
organization at San Bruno, California, in a similar 
capacity, as field engineer and manager of the Ama¬ 
teur Radio Service Department, until retirement Jan¬ 
uary 30, 1960. (The Eimac transmitting-tube manu¬ 
facturing firm was founded in 1934 by two Amateurs, 
W.W. "Bill" Eitel, W6UF, and Jack A. McCullough, 
W6CHE.) 

honored in retirement 

His retirement prompted a John Reinartz Testi¬ 
monial Amateur Radio Banquet February 1, 1960, in 
San Mateo, California. Seventeen speakers praised 
John for his pioneer accomplishments in the field of 
electronics. Two hundred invited guests paid him 
tribute by their attendance at the banquet, almost all 
of them with Amateur Radio calls. 


This portrait was taken while Reinartz worked for EIMAC. Shortly 
after World War //, many photos showed him in his Captain's 
uniform in advance publicity of his many tours thoughout the 
United States, giving lectures and, demonstrations before profes¬ 
sionalengineering, Amateur Radio, and public services groups. 



Check your QSL cards to see if you have worked 
John L. Reinartz on the air. Calls he held and used 
were JL, 1QP, 1XT (a special land station call issued 
by Bureau of Navigation, U.S. Department of Com¬ 
merce), 1XAM (special shortwave experimentation 
call), NDF, WNP, N1QP, W3RB, W3IBS, and K6BJ. 
The Santa Cruz County Amateur Radio Club now 
uses the K6BJ call for its John L. Reinartz Memorial 
Station in the Santa Cruz, California, area, so listen 
for it Field Day, and work it. 

This quotation comes from an interview with John 
Reinartz published in the Augusta, Georgia, Chroni¬ 
cle of Thursday, May 3, 1956: 

" 'It’s a wonderful hobby — radio,' he says. 'I 
can't recommend it too highly. A normal lad can 
build himself a receiver for as little as $10 — and a 
transmitter for only $25. If he uses the right frequen¬ 
cies he can cover a good part of the world with such 
a rig. And experience in radio can stand him in 
mighty good stead in this Atomic Age.' " 

ham radio 
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an analysis 
of 

alc circuits 


Automatic load control circuits 
are investigated as a means 
for avoiding distortion 
in ssb transmitters 

This article dispels the mystery of the ALC circuit 
used in Amateur SSB transmitters and addresses 
problems encountered when using linear amplifiers 
made by one manufacturer with exciters made by an¬ 
other manufacturer. Such problems include splatter, 
which may occur even though the ALC line is con¬ 
nected between the two pieces of equipment. 

ALC defined 

ALC is an acronym for automatic load, control 
when used with SSB transmitters. The term goes 
back to the days when Bell Labs made a high-fre¬ 
quency SSB transmitter whose output was in four 
channels. The term loading in telephone work indi¬ 
cated the number of channels in a multichannel sys¬ 
tem that were in use at any given time. Their auto¬ 


My thanks to Professor Charles Gould, W4LZ0, for reviewing this 
manuscript — John P. Weber. 


matic load control kept the peak envelope power 
from the SSB transmitter about the same, regardless 
of whether only one or all four channels were in use. 
Probably there would be less confusion as to the 
function of automatic load control if it had meant au¬ 
tomatic level control.* Even automatic gain control 
might be appropriate, except for the fact that it 
would be confused with the system used in receivers. 

So in terms of today's technology, what is ALC? 
What does it do? Why use it? These questions are ex¬ 
plored in this article, which includes a discussion of 
the principles of ALC and why, if used properly, it 
helps to eliminate interference on the Amateur bands 
by reducing spurious products in SSB transmitters. 

some background information 

In a-m communications systems it was common to 
use speech compressors and clippers, so that the 
power amplifier could operate near its maximum 
power-output capability without excessive distortion 
products. As used in single-sideband, ALC is part of a 
system that is intended to maintain the distortion 
products of a linear amplifier within acceptable limits. 

ALC may be thought of as an rf compressor. You 
might ask, Why not use audio compression to hold 


*To add to the confusion, automatic level control has been used in Broad- 
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fig. 1. Block diagram of linear-amplifier control system. 
The device being acted upon is the linear amplifier; the 
stimulus, or system-forcing function is from the ex¬ 
citer. Thus a control-system feedback loop is formed, 
which prevents the amplifier from being overdriven 
and producing distortion products on audio peaks. 


the transmitter output to an acceptable maximum? 
Well, the peak levels of the SSB signal don't always 
correspond to those of the audio signal. So the 
method referred to as ALC in SSB controls the drive 
power from the exciter (input to the linear amplifier) 
by sampling the rf output of the linear amplifier, recti¬ 
fying this output signal to obtain an audio signal, and 
feeding the filtered dc back to a stage in the exciter 
that controls the exciter's gain. It is similar in opera¬ 
tion to the AGC circuit in a receiver. 

The point is that we are trying to maintain a linear 
input-output relationship for the amplifier over the 
range we're using. Of course, if the linear amplifier 
could maintain its linearity over the desired operating 
range by its design, ALC would not be needed. But in 
today's world, it's possible to overdrive the linear 
amplifier, which creates splatter. 

Now if you don't care about your signal quality or 
what you're doing to the hams 7 kHz away, stop 
here! When contacting manufacturers for technical 



fig. 2. Amplifier transfer function, showing the rela¬ 
tionship between linear and nonlinear characteristics; 
the latter caused by plate saturation and grid loading. 


information, an engineer at one company replied, "It 
is our considered opinion that most DXers do not use 
the ALC feature inasmuch as they wish to obtain 
maximum power output, splatter or no splatter." 
While I don't think it applies only to DXers, this gen¬ 
tleman's observation is borne out by listening on the 
Amateur phone bands. I'm interested in the ham 
who has his ALC line hooked up and is still splattering. 

analysis 

For a thorough discussion of linear distortion 
mechanisms and measurements, I refer you to the ar¬ 
ticle by Warren B. Bruene; 1 this is must reading. Ref¬ 
erences 2, 3, and 4 are excellent material, not only on 
ALC circuits, but on all facets of SSB. They may not, 
however, be easy to obtain. 

Fig. 1 is a block diagram of a basic ALC system, 
from the standpoint of control-system design. The 
device being acted upon is the linear amplifier, the 
stimulus, or system-forcing input, is the exciter. The 
linear amplifier has a transfer characteristic; that is, 
its output related to its input stimulus. If we sample 
the amplifier output, process it, feed it back to con¬ 
trol the stimulus (or exciter), we have a closed-loop 
control system. Why this roundabout approach? I've 
found that some hams get confused if I use the term 
feedback, relating it only to an audio amplifier; but 
they seem to understand the control system concept. 

What we are trying to accomplish is shown in the 
curves of fig. 2. We see the ideal linear transfer char¬ 
acteristic that is linear over the entire range, regard¬ 
less of the input. Then we see a nonlinear condition 
occur as we go over a certain value of input. In a 
practical grounded-grid SSB vacuum-tube linear am¬ 
plifier, this is usually the result of two effects: 

1. Plate voltage saturation — the output of the tubes 
tries to exceed twice the value of the supply voltage. 

2. Grid loading — as the grids begin to draw current, 
they present a varying load to the exciter, and be¬ 
cause of the exciter's regulation, the exciter will drop 
its output, generate harmonics, and the power out¬ 
put from the linear will decrease. 

Ideally, we want to cut the output power at a point 
where further exciter drive will not result in additional 
amplifier output that is distorted. Our compressor 
would have a curve that suddenly flattens off at the 
threshold point; but practically, we will get some fur¬ 
ther increase in output, as shown. 

basic circuit 

A basic ALC circuit is shown in fig. 3. The output 
rf voltage of the amplifier is sampled, divided by a ca¬ 
pacitive divider consisting of Cl and C2, rectified by 
diode CR1, and fed into a filter consisting of R1, C3, 


20 M August 1981 





and R2. This ALC voltage is fed into the exciter. 

Most modern exciters have an internal ALC system 
that works from the exciter's output stage back into 
earlier stages to control its linearity. We can take the 
ALC from the power linear amplifier and feed it into 
the internal loop of the exciter to reduce its output to 
prevent overdrive of the linear amplifier. 

In the case of this simple form of ALC system, the 
threshold point at which ALC action starts is deter¬ 
mined by the exciter's ALC circuitry. Many times, this 
takes the form of a zener or biased diode arrange¬ 
ment. Since the exciter controls the point where the 
threshold is, how do we know we have the right volt¬ 
age from the linear amplifier to initiate this action? If 
both designs were by the same person, he could en¬ 
sure that these points coincide. But, if the linear am¬ 
plifier comes from one company and the exciter from 



another, how can we assume that the ALC action is 
optimum, or even exists? 

examples of ALC circuits 

Now let's look at some circuits. The sampling was 
from 24 models made by nine manufacturers. Exam¬ 
ining fig. 4 we see the first step above the basic cir¬ 
cuit. In fig. 4-A, again we have the capacitive voltage 
divider, this time across the cathode or input circuit 
of the grounded-grid linear amplifier. Why sample 
the cathode rf voltage? Well, the power gain of the 
tube or tubes is very nearly equal to the ratio of rf 
plate voltage to the rf cathode voltage, since the 
tubes' plate current is common to both the input and 
output circuit. Actually, it's a little different because 
of the power absorbed by the grid(s) and input- and 
output-circuit losses; but it is a convenient low-volt¬ 
age point in which to work. This divided voltage is 
rectified by CR1, filtered by R1, Cl, and R2, then fed 
to the high side of a pot, R3. This pot enables adjust¬ 
ment of the output voltage (ALC! to match the re¬ 
quirements of the particular exciter with which it's 


being used. However, the threshold is still controlled 
by the exciter's internal circuitry. 

the most common 
ALC circuit 

Fig. 4B shows the most common ALC circuit in 
use, according to my study of manufacturers' dia¬ 
grams and also from knowing which are the most 
popular units by on-the-air listening. 

The components are all established by the designer 
and probably are intended for use with exciters man¬ 
ufactured by his company — remember, he has ex¬ 
tensive knowledge of the exciter. 

Again, a capacitive divider is in the cathode circuit; 
a diode is used to rectify this rf voltage. However the 
diode is biased so that it will not conduct — this bias 
is usually derived from a resistor tap in the high-volt¬ 
age supply bleeder circuit; or, in some cases, from a 
separate low-voltage power supply that is used to en¬ 
ergize relays and pilot lights. 

Since the diode is biased, no ALC voltage appears 
from the linear amplifier until the amplifier reaches a 
power level where this bias is overcome and the di¬ 
ode conducts. 

In effect, the designer has set the threshold point 
in the linear amplifier. But if that point is below the 
required threshold voltage needed by your exciter's 
ALC bus, no ALC action will occur until you overdrive 
the linear sufficiently to start ALC action. The older 
exciters needed -2.0 to -4.0 volts for threshold; 
some of the newer ones need -6.0 to - 10.0 volts. 
For ultra-conservatives, who are safety conscious, 
examine this circuit in terms of the bleeder resistor 
tap-to-ground opening up! 

biased diode, variable 
threshold circuit 

Fig. 4C is a circuit that allows you to overcome the 
restrictions mentioned above. Simply stated, the 
threshold point is made variable by using a pot to set 
the diode bias. If you note the curves shown beside 
each circuit, it becomes apparent that the most flexi¬ 
bility to work with different exciters is afforded by 
this circuit. 

This convenience is negated, however, if the ALC 
control is put inside the linear or on its back panel. 
The control should be placed on the front panel of 
the linear — it is an operating control. Why? Well, 
first (and please don't laugh), so you can set the lin¬ 
ear to 1 kW legal limit while in the CW-TUNE position. 
Second, as we've been discussing, different exciters 
require different values of ALC voltage. Third, the 
ALC setting can vary from band to band, the extent 
depending on its gain variation. Fourth, the input 
impedance of the linear can vary from band to band, 
changing the loading on the exciter. 
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The input impedance of a grounded-grid amplifier 
is a function of the tube design and the plate load im¬ 
pedance presented to the tube. This plate load impe¬ 
dance is determined by the characteristic of the load 
(antenna plus line) and how the output network is 
tuned. (Is loading accomplished by plate current tuned 
for dip or for maximum output?) Unfortunately, only 
one currently available unit (two-piece) has this facili¬ 
ty; an older unit is no longer in production, and a yet- 
to-be-proved unit has just appeared on the market. 

ALC using grid and 
plate detection 

A unique circuit bears discussion and is shown in 
fig. 5. Unfortunately, to the best of my knowledge, it 
was never exported to this country. This circuit is 
unique in that it samples both the grid and plate sig¬ 
nals of the amplifier. The detector connected to the 
grid circuit senses the pulses of grid current when the 
grid is driven into the positive voltage region. This 
voltage is doubled and fed along with the sensed 
plate signal to the ALC bus. A balance between these 
signals can be achieved by individual pot settings. 
The thing about this circuit that struck me was the 
similarity to the method of measuring linearity des¬ 


cribed by Bruene in 1954. His linearity tracer sampled 
the input and output of the amplifier and portrayed 
them on a scope; why not use them to generate an 
error signal for the ALC function? 

time constants 

The discussion above has dealt with static operat¬ 
ing conditions: measurements made on a point-by¬ 
point basis. The amplifier, however, is operated in a 
dynamic condition with the stimulus being voice ex¬ 
citation. Now we must deal with additional consider¬ 
ations — the transient behavior of the system. First, 
there's attack time; the time for the ALC system to 
respond to the stimulus, or voice peaks. If this attack 
time is too long, the system will overshoot and 
"buckshot" will result. Second, the release time 
must be considered; this is how long it takes the ALC 
system to recover or return to normal gain. If release 
time is too long, the amplifier gain is unnecessarily 
reduced, especially after a loud blast into the micro¬ 
phone — it can result in an unpleasant pumping ef¬ 
fect if too short. 

what can be done 

I've painted a gloomy picture for those who don't 
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know the characteristics of their exciter or linear ALC 
systems — don't feel bad, neither do I! For those 
who say, "I watch my grid-current meter and keep 
the gain down until the meter just kicks," I ask, Do 
you know the ballistic characteristics of your meter? 
For those who say, "I watch my monitor scope pat¬ 
tern for signs of flat-topping," I ask. Do you know 
how much distortion is represented by how much 
flattening on the small pattern as it moves across the 
screen? 

I think the same applies to those who use a trape¬ 
zoidal scope pattern, although I feel it gives a fair in¬ 
dication of linearity. The correct method is to use a 
spectrum analyzer for a monitor; but I can neither af¬ 
ford one nor do I want to stare at scope patterns 
while I am talking! 

If you're beginning to have reservations about 
using your 10-year old linear with your new exciter, 
or vice-versa, with ALC incompatibility problems, 
why not compare the manufacturer's specs on the 
ALC system constants? Can't find them? Neither 
can I! 

What's needed is standardization in the industry — 
ALC voltage polarity, magnitude, intended load im¬ 
pedance, attack and release times. Having sat in on 
many industry standardization committee meetings, I 
can't give you much hope that this will happen. If 
military procurement or industrial safety require¬ 
ments prevailed, it might happen. I don't find any¬ 
thing in FCC type-acceptance procedures that will 
help. As a matter of fact, examining one such sub¬ 
mittal I find no mention of ALC connection, and the 
harmonic analysis was run with single, rather than 
two-tone, input and at a 50-watt input level! 

Perhaps manufacturers will publish the ALC char¬ 
acteristics of their current and older models; it sure 
would be helpful. In the meantime, you can measure 


the voltage required to decrease your exciter’s out¬ 
put by using a variable low-voltage dc supply, or bat¬ 
teries and a pot. You can a) measure your amplifier's 
ALC capability by terminating its ALC output with a 
resistor equal to your estimate of your exciter's ALC 
input impedance, b) excite the linear with a two-tone 
generator into the exciter with the linear amplifier ter¬ 
minated by a dummy load, and, c) measure the ALC 
voltage available (beware of meter loading) at the 
point where nonlinearity of the trapezoid scope pat¬ 
tern begins. At least you'll know if you need more or 
less ALC voltage from the linear amplifier. If you're 
lucky enough to have too much ALC voltage, you 
can add a pot on the front panel (or in a separate but 
accessible box) and attenuate the ALC voltage until 
you obtain the desired results. 

final remarks 

The problems of connecting ALC circuits in equip¬ 
ment of different manufacture have been discussed. 
Perhaps we can get more comprehensive data from 
the equipment manufacturers to assist us in properly 
interfacing our equipment. Consider measuring your 
equipment's ALC characteristics, putting a threshold 
control where you can get at it, and using a monitor 
scope. And remember, when you have that speech 
processor working full bore and your ALC line discon¬ 
nected, you are not making many friends a few kHz 
up or down the band. 
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a new look at 

dip meters 


Some updated versions 
of that most useful tool 
— the grid-dip meter 

One of the most useful accessories in the Amateur 
station is the grid-dip oscillator, grid-dip meter, or 
just plain dip meter. It can help solve many problems 
associated with resonant circuits. With proper cali¬ 
bration the dip meter can be used to determine the 
frequency of resonant circuits and, with capacitors 
and inductors of known values, it can be used to 
measure unknown inductances and capacitances. 
VHF parasitic oscillations can be detected in rf ampli¬ 
fiers, and antennas and transmission lines can be 
checked for resonance if proper precautions are used 
to determine harmonic responses with respect to 
fundamental resonant frequency. 


The original grid-dip meter used a tube-type, 
class-C oscillator with a meter in its grid circuit. An 
external resonant circuit coupled to the oscillator's 
tank caused a decrease, or dip, in grid current; hence 
the name of the instrument. If this external circuit 
was a high-Q tuned circuit, the dip in grid current 
was noticed at a rather sharply defined frequency as 
the oscillator was tuned. It is precisely because the 
grid-cathode diode of the tube rectifies rf voltage 
that the oscillator operates in a stable class-C mode; 
and this rectified rf provides the dc grid current to op¬ 
erate a conventional dc current meter. A typical grid- 
dip meter is shown in fig. 1. 

Historically, the oldest Amateur reference to grid- 
dip oscillators was that made by Bud Bane, W6WB, 
in the March, 1947, issue of CQ magazine. W6WB's 
meter used a 3A5 for battery operation, and covered 
80 through 10 meters with three coils. Still earlier use 
of the grid-dip oscillator is discussed in the "Zero 
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Bias" column of CQ, April, 1979, and in "Our 
Readers Say," CQ, October, 1979. 

When bipolar transistors became available, they 
were almost immediately applied as the active ele¬ 
ments in rf oscillators — and also applied in dip 
meters. The term gridrdip had to be shortened to dip 
since, of course, there are no grids in bipolar transis¬ 
tors. The bipolar transistor (whether NPN or PNP) is 
unlike the tube in a number of ways. The bipolar 
transistor is a current-operated device; that is, it re¬ 
quires base current to control collector current. This 
generally means that it is a lower impedance active 
device, and that the base has dc current flowing in it 


whether oscillation is present or not. Even though 
the base-emitter junction of a bipolar transistor is a 
diode, the base current is not a very sensitive indica¬ 
tor of oscillation level because a good portion of the 
base current is dc bias current. 

So we find, that, although a number of dip meters 
have been built using bipolar transistors, all of them 
make use of a separate diode detector to provide dc 
current for the meter. 1 .2 Most of these circuits use a 
1N34A or some other germanium point-contact 
diode as the diode detector, and might be updated 
by use of one of the newer (silicon) Schottky diodes. 
A typical bipolar dip meter is shown in fig. 2. 
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It is even possible (and one was commercially built 
by Heathkit for a time) to use a two-terminal form of 
oscillator: a tunnel-diode. In the Heath HM-10A Tun¬ 
nel Dipper, a tunnel-diode was used as the oscillator 
and a standard diode detector was used as the rf de¬ 
tector to provide dc meter current. The Tunnel-Dip¬ 
per is shown in fig. 3 (reprinting is by permission of 
the Heath Company). 

junction field effect transistors 

The junction field effect transistor (JFET) is the first 
solid-state device to come along that really behaves 
in a "dip-meter” circuit the way tubes used to be¬ 
have. Like a tube, the JFET requires voltage on the 
gate (grid) to control current in the drain (plate), and 
the gate-source junction operates like a "grid-leak" 
diode. So, with a lower supply voltage, an N-channel 
JFET can be put in an old tube-type dip-meter circuit 
and it will usually work immediately. 8 Early silicon 
JFETs had rather limited performance at VHF, and it 
was not until the arrival of the TIS34/2N3823 (Texas 
Instruments) that a good, cheap, silicon JFET was 
available for Amateur dip-meter construction. Sub¬ 
sequently, the Motorola MPF102, Union-Carbide 
2N4416, Siliconix 2N5197, and other excellent N- 
channel, silicon JFETs became available inexpensive¬ 
ly; these too fit dip-meter service quite well. An ex¬ 
ample of a dip-meter using an N-channel JFET is 
shown in fig. 4. 4 

the MOSFET 

The MOSFET, unlike the JFET, does not have an in¬ 
herent gate-source diode, and there are many 
MOSFETs that operate very well up through the VHF 
range. RCA and Motorola have a number of N-chan- 
nel (depletion mode) MOSFETs that were designed 
for TV tuner service and are therefore inexpensive 
enough for Amateur dip-meter service. The 3N128 is 
a favorite in Amateur designs, and has been incorpo¬ 
rated into at least one dip-meter design (see fig. 5). 5 



rectification of the rf is accomplished by adding a 
diode. It is even feasible to use one of the dual-gate 
MOSFETs, using the No. 2 gate as an oscillation level 
control (see fig. 6). 6 

Note that in figs. 1 through 6 some of the 
oscillators use the Colpitts configuration and some 
use the Hartley circuit. Either form of oscillator will 
work, or any other form will do, as demonstrated in 
fig. 3. The Colpitts circuit has the advantage over the 
Hartley that only two leads must be provided for the 
plug-in coils. 

It is possible to build a dip meter without plug-in 
coils. This has the advantage that the accessory coils 
don't get misplaced. One author has written at least 
two articles on bandswitching dip meters. 7 ' 8 In refer¬ 
ence 8, Fred Brown adds two worthwhile innova¬ 
tions to dip-meter technology: 1) a broadband 50- 
ohm output for driving a frequency counter, and 2) a 
square-wave modulation system which amplitude 
modulates at 1 kHz without fm. 

With frequency counters now available for less 
than $200.00 that cover the range 0 to 1000 MHz, the 
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fig. 7. Varicap-Tuned FET-dip meter with 1-kHz modulation. 


time is perhaps right to dispense with the calibration 
dial on the modern dip meter. Once this step has 
been taken, it is only a logical, short jump to replace 
the tuning capacitor with varicaps and use a remote 
dc pot to tune the dip oscillator, since no calibration 
scales are now needed. If the counter is not desired, 
the dc pot can be calibrated just as well as could the 
traditional tuning capacitor dial. 

One tempting way to combine voltage-tuning the 
dip meter and using a frequency counter as a readout 
would be a microcomputer-controlled dipper. The 
oscillator varicap input would be a ramp (sawtooth) 
generated by the microprocessor; the detected dc 
output of the oscillator would be A to D converted 
and fed to the microprocessor. The program would 
sense a point of minimum detection voltage (where 
the dc slope changes from negative-going to posi¬ 
tive-going) and remember the frequency counter dig¬ 
ital reading at that point. This system could then 
simply be placed near the resonant circuit to be 
measured and the frequency would be read out digi¬ 
tally. The details of oscillator design, programming, 
integration with a frequency-counter, and provision 
for multiple dips could be a big development job; but 
it's certainly a system that seems feasible. 

a simple dip meter 

As a simple example of how one might build up a 
voltage-tuned, counter read-out dip meter, the cir¬ 
cuit of fig. 7 is shown. It was built to accept plug-in 


coils with banana-pins with 3/4 inch spacing; the 
coils were borrowed for this breadboard circuit from 
an old tube-type grid-dip meter. 

As shown, the circuit operates over the 2-32 MHz 
range with each coil covering about an octave of fre¬ 
quency. It would probably be worthwhile to have coil 
units made up with three terminals, so that varicaps 
are changed with the plug-in coil, to allow for lower 
minimum capacitance at the higher frequencies, a 
2N5197 or other similar VHF FET might also improve 
things above 32 MHz. 

Look at the circuit of fig. 7. The 1-kHz square- 
wave oscillator has been redesigned around a CMOS 
1C, and the meter's dc amplifier redesigned around 
an LM301Aop amp 1C. 
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TECHNIQUES > 5 ? 


The first contact on the air. The first 
DX contact. The first QSL card. 
Every Radio Amateur remembers 
these outstanding events long after 
other early memories of ham radio are 
blurred. Sometimes one particular 
event stands out in the memory, sig¬ 
naling a turn of fortune, a change in 
the pattern of life — or even a turn in 
history. 

For thousands of Amateurs, the 
following story is typical of what 
might have happened some years ago 
on a date "that will live in infamy." 

the greatest DXer 
in the world 

The streetcar gave a long wheeze, 
as if it were dying, and slowly ground 
to a halt at the corner. The accordian 
door creaked open and I jumped out, 
to be greeted by a swirl of dust and 
dead leaves stirred up by the ancient 
vehicle. With a clang of the bell it 
slowly resumed its journey down the 
cobblestone street. 

Dodging a new Pierce-Arrow, I 
reached the curb and headed down a 
sidestreet. I could see Pendergast's 
house ahead and noted that he'd put 
up a brand-new Zepp antenna. It ran 
from the high chimney over to a tree 
in the back yard. The new copper 
wires gleamed in the winter sun. 

I hadn't seen my friend for over a 
year. We had both been away at col¬ 
lege, and this was the first time we 
both found ourselves home together. 

I knew from the few quick notes I'd 
received from him that he was work¬ 
ing on a new DX-type transmitter. 
Now, he'd gotten home a few days 


ahead of me and possibly was already 
on the air. 

I hastened my steps and trotted up 
the gravel walk. It was only a few 
steps to the wooden porch, which 
looked cold and empty. The summer 
lawn swing and folding chairs had 
long ago been put away for the win¬ 
ter and the storm windows were al¬ 
ready up, even though the weather 
had been unusually warm for early 
winter. 

Through the glass door I saw Pen¬ 
dergast's sister. She was sitting on 
the davenport, listening to a sym¬ 
phony on the radio. She was wearing 
an angora sweater, plaid skirt, bobby 
sox, and white loafers. I thought to 
myself, "Little sister is growing up." 

"Hi, Miriam, long time no see," I 
said as she answered the door. 

Miriam was going to be a knockout 
in a few years, I mentally noted. It 
would be fun to date the sister of a 
fellow Radio Amateur. 

After a few pleasantries, Miriam 
motioned for me to go upstairs to the 
radio room, and she returned to the 
symphony, curling up once again on 
the davenport. 

"Come on up," yelled Pendergast 
from the rear bedroom. I bounded up 
the stairs, two at a time, and saw my 
friend. He looked quite a bit older and 
had grown a mustache. He had on a 
white sweater with a big letter C on it. 
He looked very collegiate. 

"Good to see you," said Pender¬ 
gast, shaking my hand warmly. 
"Come into the shack and bring me 
up to date . . . and, incidentally, look 
at my new DX rock crusher." 


I followed Pendergast into what 
had once been his bedroom. How 
things had changed! Gone was the 
push-pull 210 TNT oscillator on 40 
meters. Gone was the National 
SW-3. Down from the wall were all of 
Pendergast's cherished QSL cards 
from the stations he had worked 
while he was in high school. The wall 
was blank now. 

Replacing all of the old gear was a 
brand-new National HRO receiver on 
the operating table and a new, gleam¬ 
ing transmitter sitting to one side on a 
small table. And there was a chromi¬ 
um-plated bug key on the table next 
to the receiver. 

"You look older," said Pendergast, 
giving me a penetrating glance. 

"I feel older," I replied. "That 
damned course in Descriptive Geom¬ 
etry last semester nearly finished me 
off. I pulled a Din it." 

"I don't know why we have to 
study that stuff for an Electrical Engi¬ 
neering degree," Pendergast said. 
"Anyway, I'm running a good B-plus 
average so I can't complain." 

Pendergast sat down in his oper¬ 
ating chair and sighed. 

"Is the transmitter ready to play?" I 
asked. 

Pendergast smiled. "Yep," he said. 
"And 20 meters seems to be pretty 
good. I heard Guam this morning. 
Boy, could I use a KB6!" 

"You have plenty of room on the 
wall for DX QSLs," I noted. "Now, 
suppose you tell me about this trans¬ 
mitter. It looks beautiful." 

"Doesn't it?" said Pendergast. 
"I've worked on it night and day for 
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two weeks to get it going in time for 
this vacation. Here's the circuit." 
(See fig. 1.) He handed me a large, 
white sheet with a carefully drawn 
schematic on it. 

"Watch my lips as I explain every¬ 
thing and you'll understand all," he 
joked. 

My friend flipped a switch and the 
filaments of the transmitting tubes lit 
up. 


"O.K. Now, over here is a 6F6 
metal-tube crystal oscillator on 
7199.75 kilocycles. I am using a vari¬ 
able crystal so I can QSY from 14,390 
to about 14,405 kilocycles." 

"Plenty of DX to work outside the 
band edge," I remarked. 

"No, no!" said Pendergast. "I have 
the band edge marked on the knob of 
the crystal with ink. No problem, 
there. Anyway, after the oscillator 


stage I have an 807 doubler to 20 
meters." 

"Were you able to tame the 807? 
It's a tricky tube," I remarked doubt¬ 
fully. 

"No problem. My doubie-E lab in¬ 
structor is a ham and he told me to 
place a parasitic choke in the plate 
lead. It's a new idea and it really 
works," 

I examined the tiny choke hanging 
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from the plate cap of the 807. 

"Maybe the reason the 807 has 
such a bad reputation is that it goes 
into a parasitic oscillation," I 
guessed. 

Pendergast ignored my remark and 
hurried on. "I have link coupled the 
807 to the final amplifier, which is an 
838 tube, one of those new zero-bias 
triodes. A really great tube. No bias 
required at all. So I key the 807 and 
the 838 goes along for the ride." 

"Look at it!" said Pendergast with 
pride. "The 838 has 100 watts of plate 
dissipation. I run it at 1000 volts and 
nearly 200 mils plate current. Just 
about 200 watts input. And with the 
link coupling to the 8071 get plenty of 
grid drive." 

"How is it to neutralize?" I asked. 

"No problem. I just apply excita¬ 
tion with plate voltage off and watch 
the grid meter as I increase neutraliz¬ 
ing capacity. When I can turn the 
plate tank condenser all the way 
around without a kick in the grid cur¬ 
rent, it is completely neutralized." 

"Very good," I admitted. "I see 
you are using a split-stator tank cir¬ 
cuit." 

"Yep," said Pendergast. "And 
now I think it's about time to fire up 
and work some DX before the band 
goes dead for the evening." 

Pendergast turned on the receiver 
and soon I could hear the crystal note 
of the oscillator's harmonic on 20 
meters. He closed the side contact on 
the bug and quickly tuned the 807 to 
resonance. The note in the receiver 
grew intolerably loud. Pendergast 
flicked the rf gain control and my ears 
returned to normal. 

I noticed my friend tuned his trans¬ 
mitter like a pro. Now, he quickly 
neutralized the final and adjusted the 
variable link coupling. Then he 
reached down and threw another 
switch. With a growl the power sup¬ 
ply came to life, the 866s casting a 
blue tint across the lower portion of 
the panel. Pendergast retuned a bit, 
fussed with the antenna coupling and 
then said, proudly, "We're on the air. 
How about a little DX now?" 

"Suits me fine," I replied. "What 


do you hear?" 

Pendergast gestured to a second 
pair of headphones. "Let's tune the 
band," he said. 

I donned the extra phones and lis¬ 
tened. It had been almost a year since 
I had been on the air, and I was sure 
my CW was rusty. Pendergast tuned 
through a bunch of W9s and W6s as 
he approached the edge of the band. 

"Listen!" Pendergast whispered to 
me. I closed my eyes to concentrate 
better. 

"CQ. .. CQ... CQ . . ." Who was 
it? I opened my eyes and looked at 
my friend. "Certainly sounds DX-y," I 
said. "Listen to that fade on him." 

The station faded into the noise 
and then started to come up again. It 
was a chirpy note, with a bit of an 
echo on it. Finally after an intermina¬ 
ble wait, it signed: 

"CQ de KF6ROV . . . KF6ROV . . . 
KF6ROV" 

Pendergast grabbed a late copy of 
QST and rapidly flipped the pages un¬ 
til he came to the DX column. 

"KF6 . . . KF6," he muttered to 
himself. "Who is that? Almost in¬ 
stantly he answered his own ques¬ 
tion. 

"KF6. .. that's Baker Island! Baker 
Island in the Pacific I" 

"What a long CQ," I muttered. 
"By the time he signs, every ham in 
the world will be here." 

"CQ de KF6ROV . . . KF6ROV . . . 
KF6ROV . .. K" 

"Go get him, buddy-boy," I yelled. 

Pendergast fired up the rig and 
reached for his key. 

Out of the corner of my ear I heard 
a commotion downstairs. Miriam was 
calling something to us. There were 
excited voices talking back and forth. 
Hurried voices on the radio. 

I looked at Pendergast. He was 
calling the KF6 now with his left hand 
and writing in the log with his right. 
Now, he was standing by. The ear¬ 
phones came to life. 

We listened to the background 
noise for a second. Pendergast 
frowned as he heard his sister calling 
loudly to him as she ran up the stairs. 
Suddenly, there was the KF6. Calling 


Pendergast. 

My friend let out a whoop and 
started to write in the log as Miriam 
burst into the room. Her face was 
white and she shook Pendergast by 
the shoulder as he wrote. I glanced in 
the log. Pendergast had just written: 
December 7, 1941. 

The Japanese attack came just 
about sunrise, Hawaiian time, or 
about 1 o'clock EST. One of the first 
radio announcements was made by 
breaking into the New York Philhar¬ 
monic Orchestra broadcast to an¬ 
nounce the news flash. 

Amateur Radio operation contin¬ 
ued for a day or so. Many ham con¬ 
tacts were made with Hawaii, and 
confused reports of the raid filtered 
back via Amateur Radio and were 
picked up in the newspapers. On 
Monday, the FCC met in a special ses¬ 
sion and issued the following: 

Order No. 87 

At a session of the Federal 
Communications Commission 
held at its offices in Washington, 
D.C., on the 8th day of December, 
1941; 

Whereas a state of war exists 
between the United States and 
the Imperial Japanese Govern¬ 
ment, and the withdrawal from 
private use of all Amateur fre¬ 
quencies is required for the pur¬ 
pose of the National Defense; 

IT IS ORDERED, that except as 
may hereafter be specifically 
authorized by the Commission, 
no person shall engage in any 
Amateur Radio operation in the 
Continental United States, its ter¬ 
ritories and possessions, and that 
all frequencies heretofore allo¬ 
cated to Amateur Radio stations 
under Part 12 of the Rules and 
regulations, BE, AND THEY ARE 
HEREBY, WITHDRAWN from use 
by any person except as may 
hereafter be authorized by the 
Commission. 

By order of the Commission: 
T.J. Slowie, Secretary 

ham radio 


32 OB August 1981 



how important is 
lOW SWR? 


This controversy 
is put to rest 
once and for all 

What, exactly, is the meaning of SWR? What signifi¬ 
cance does SWR have in Amateur Radio applica¬ 
tions? Is a low SWR important? 

This subject has always been a popular topic for 
discussion, and one ham may tell you something 
completely different from another. This article is writ¬ 
ten to tell you the facts about SWR. Then, you 
should be able to determine whether or not you 
should try to improve the SWR of your antenna 
system, or perhaps change to a better feed line. 
(Chances are quite good that you won't have to do 
anything at all to your present system!) 

definition of SWR 

When asked exactly what SWR is, many people 
will answer with something like, "Well, SWR is what 
you get a reading of when you hook up an SWR 
meter to your feed line." Then, although they have 
just admitted they don't know what SWR is, they'll 
probably add, "If it's more than 1.5:1, it's bad." 

SWR is the relationship, or ratio, between the max¬ 
imum and minimum currents and voltages along a 
transmission line; hence its name: standing-wave 
ratio. Ideally, the current and voltage are constant all 
along a transmission line. This ideal condition occurs 
when, and only when, the load (antenna) and the line 
have equal impedances. However, this ideal situation 
is seldom the case in this imperfect world of ours. 


More often than not, the load and line have impe¬ 
dances that are different — sometimes by quite a lot. 

When the load and the line have different impe¬ 
dances, the current and voltage distribution along 
the line is not uniform. In some places the voltage 
will be high, and in other places it will be low; the 
same is true of the current. The VSWR (voltage 
standing-wave ratio) is the ratio of the highest volt¬ 
age on the line to the lowest voltage on the line. 
When talking about SWR, it is generally understood 
that we are talking about VSWR, although the cur¬ 
rent standing-wave ratio is theoretically the same. 

The SWR is also the relationship between the 
antenna, or load, impedance, 1 L , and the character¬ 
istic impedance of the line, Zq- Mathematically it 
gets rather complicated, but if the load is resistive, 
SWR is the ratio Z^/Zo or Zo/Zl (whichever is 
greater than 1). 

Often, you'll see SWR given as a ratio, such as 3:1. 
However, since 3:1 simply means 3/1, mathematical¬ 
ly we might just as well do away with the "1" and say 
that the SWR is 3. (Any number divided by 1 is just 
the number, right?) 

reflected power 

Nowhere is the SWR misconception more wide¬ 
spread than with respect to "reflected power." 1 To 
understand what this really is, we must first know 
what power is. Power is defined as the rate at which 
energy is expended. Direction has nothing to do with 
power. Power is just dissipated someplace or places. 
In an antenna system, most of the power is dissipat- 
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ed, one hopes, as radiation. Some power is dissipat¬ 
ed as heat in the transmitter final-amplifier tank coil, 
some is dissipated in the feed line, and some is dissi¬ 
pated in objects surrounding the antenna. 

Reflected power is, literally, what a directional 
wattmeter reads when put in the reflected power 
model Reflected power is not a force (expended 
energy) moving toward your rig from your antenna. 

Even though reflected power is somewhat ficti¬ 
tious, being caused as a wattmeter reading only 
because of certain phase relationships and ratios 
between feed-line currents and voltages, 1 it is very 
useful in certain antenna calculations. That is, if it is 
properly interpreted. 

forward power 

If reflected power is a fictitious invention because 
power has no direction, the same is true of "forward 
power." The reading on a directional wattmeter in 
the forward-power mode is the sum of the actual 
transmitter output power and the "reflected power." 

If you have ever used a directional wattmeter and 
observed that your transmitter was putting out 170 
watts for a dc plate input of 200 watts, did you con¬ 
clude that your rig was 85 percent efficient? If you 
did, you were probably wrong. (You know, of 
course, that 85-percent efficiency is virtually unheard 
of, even with class-C amplifiers.) Most likely, your 
SWR was high, causing an inflated "forward-power" 
reading. The actual output of the transmitter is the 
difference between the "forward power" and the 
"reflected power." (Think about it!)* 

The relationship between the forward and reflect¬ 
ed readings on a directional wattmeter is a function 
of the SWR. Fig. 1 illustrates this function. 

problems a high SWR may cause 

A high SWR can, and sometimes does, cause cer¬ 
tain problems. These problems include damage to 
the feed line, damage to transmitter components, 
reduced transmitter power output, and increased 
harmonic output. Let's discuss these one at a time. 

The transmission line. Coaxial feed line in particu¬ 
lar, and also certain other types such as TV ribbon 
line, can withstand only so much current and volt¬ 
age. If the current becomes too high, the conductors 
will get so hot that they melt the dielectric material. If 
the voltage gets too high, arcing may occur between 
the conductors, again damaging the dielectric. This 
kind of problem rarely happens with power input 
levels of under 200 watts; but if you plan on using a 
kilowatt, you had better consider this possibility. For 





a given power level, the higher the SWR, the higher 
the observed current and voltage will be. If you're 
using RG-58/U or TV-type twin lead, don't use a 
power input over 200 watts. If you're using RG-8U 
with a kilowatt, beware if the SWR is more than 5. 

Depending on the exact length of the transmission 
line, you might have a current or voltage maximum at 
your transmitter. Excessive current can cause the 
transmitter tank coil to overheat and become dam¬ 
aged. Excessive voltage can cause arcing in the out¬ 
put loading capacitor. Usually this problem occurs 
only with transmitters that have wide-range pi net¬ 
works with components that aren't sufficiently rug¬ 
ged. It's also quite rare for SWR values of less than 
about 4; but it can still happen. 

Components. Solid-state transmitters are often 
designed to work into a 50-ohm nonreactive load and 
have no matching circuits to compensate for other 
loads. With some of these rigs, there is an "SWR pro- 
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table 1. Loss per foot, under perfectly matched conditions (SWR = 1), of 
various types of transmission lines commonly used by Amateurs. Accuracy 
is to two significant digits. (/foot - 3.05 meters.) 


cable 

type 

RG-58/U* 
RG-59/U* 
RG-62/U* 
RG-11/U* 
RG-8/U* 
TV ribbon 


loss per foot. (dB) 


characteristic 
impedance 
(ohms) 3.5 

52 0.0070 

75 0.0065 

93 0.0050 

75 0.0038 

52 0.0031 


frequency (MHz) 

7 14 21 

0.0100 0.0150 0.0190 

0.0090 0.0130 0.0160 

0.0072 0.0100 0.0130 

0.0055 0.0080 0.0100 

0.0045 0.0065 0.0081 


28 

0.0230 

0.0180 

0.0150 

0.0120 

0.0095 


300 


0.0042 0.0054 0.0061 


•Values are nominal since there are no set standards for commercial coax. 


tection" circuit built in, but with many solid-state 
final amplifiers, damage can occur with an antenna 
system that presents a high SWR. If you have a solid- 
state rig, check your instruction manual to see if the 
final is "SWR protected." If it is not, check to see 
how high the SWR can be without risking damage to 
the output transistor(s), and be sure the SWR is not 
above this limit'. 

Output. Most commercially manufactured rigs will 
function all right if the SWR is less than 2 or 3. Some, 
with no output loading network, may tolerate an 
SWR of only 1.5 before power output is degraded. 
Certain of the older-vintage radios will compensate 
for SWR levels up to 5 or even 10. The radio's instruc¬ 
tion manual should tell you how high the SWR can 
get before power output is degraded. If the SWR is 
beyond this limit, the final amplifier will not operate 
at full efficiency because the impedance mismatch 
will be too severe. If your loading control must be set 
to one extreme or the other to get a semblance of 
proper final-amplifier tuning, the SWR is too high for 
the circuit. 

Harmonics. If the loading capacitor must be set all 
the way to maximum and you still can't get the trans¬ 
mitter to tune to the required power input level, 
you're being forced to under load the transmitter. 
This can cause increased harmonic output, because 
under-loading causes nonlinearity in the final 
amplifier. 

Of these problems, three can be eliminated by us¬ 
ing a transmatch at the transmitter output. A "per¬ 
fect" impedance match will then be presented to the 
transmitter. The transmatch will normalize the cur¬ 
rents and voltages in the transmitter tank circuit, 
thus maximizing energy transfer and preventing 
under loading. The possibility of feed-line damage 
still remains, however, (as explained previously) 
unless the transmatch is placed at the point where 
the line feeds the antenna. This is generally not very 
convenient. 


problems a high SWR 
doesn't cause 

A high SWR, by itself, will not make a feed line 
radiate, and will not make an antenna less efficient. 
A perfectly matched feed line may radiate, and may 
be terminated by a grossly inefficient antenna (for 
example, a dummy load!). These problems are not 
related to SWR. If the transmitter can be properly 
loaded, a high SWR will not cause radio-frequency 
interference (RFI) that would not otherwise occur. 

Surprisingly enough, at high frequency, a high 
SWR will generally not cause very much loss of sig¬ 
nal. With several hundred feet of RG-58/U at 28 MHz 
and an SWR of, say 20, there will admittedly be a lot 
of loss because of the SWR. But this is an extreme 
case. In ordinary applications, the SWR can be sur¬ 
prisingly high before serious signal loss occurs.* 

We will now investigate this phenomenon quanti¬ 
tatively. With the following information, you will be 
able to: 

1. Determine how much signal loss your SWR is 
causing. 

2. Find out whether or not it is significant. 

3. Tell whether changing the feed line type, such as 
from RG-58/U to RG-8/U, is worth it, and perhaps 

4. Save a lot of time, energy, money, and grief. 

matched-line loss 

Table 1 shows the loss in dB per foot for the most 
common types of transmission lines used by Ama¬ 
teurs. The numbers in table 1 are based on perfectly 
matched systems; thus the antenna must have a 
pure resistance of 52 ohms for RG-8/U and RG- 
58/U, 75 ohms for RG-59/U, and 300 ohms for TV 
ribbon, for these data to be correct. However, the 


•Consider the end-fed Zepp antenna of 50 years ago. These antennas were 
efficient even with an SWR of 10 or more. Editor 
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information in table 1 is essential for determining the 
SWR loss in your system — so get it down. 

For example, suppose you are using 60 feet of RG- 
58/U at 7 MHz. The loss is 0.01 dB per foot, so the 
total loss under perfectly matched conditions is 0.01 
x60or0.60dB. 

If your SWR happens to be 1, then you already 
know what the feed line loss is. You thus have no use 
for tables 2 and 3. But if the SWR is not 1, there will 


be additional loss in the line. This additional loss is 
sometimes called "SWR loss." 

Incidentally, the data in table 1 are for brand-new 
cable. Coaxial cable gets lossier with age. Some 
types are better in this regard than others. Generally 
the foam dielectric type deteriorates faster than the 
solid dielectric type. There is a way to check old 
transmission line to find out what the loss really is. 
Short-circuit the far end of the line and place an SWR 


table 3. Additional loss caused by standing waves. Find the line loss when perfect- 

ly matched in the vertical column; read across for the actual SWR. Find the figures 

that are closest to yours if yours are not exactly represented. Conditions above 
and to the left of the heavy line indicate an SWR loss of less than 1 dB. 

actual SWR (at antenna) 


1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.0 

0.2 

0 

0 

0.1 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.6 

0.7 

0.4 

0 

0 

0.1 

0.2 

0.2 

0.4 

0.5 

0.7 

0.8 

1.0 

1.1 

1.3 

0.6 

0 

0 

0.1 

0.2 

0.3 

0.5 

0.7 

0.9 

1.1 

1.3 

1.5 

1.7 

£ 0.8 

0 

0 

0.2 

0.3 

0.4 

0.7 

0.9 

1.2 

1.5 

1.7 

1.9 

2.1 

•o 1.0 

0 

0 

0.2 

0.3 

0.5 

0.8 

1.2 


1.7 

1.9 

2.2 

2.5 

S 1-2 

0 

0 

0.2 

0.4 

0.6 

1.0 

1.3 

1.7 

1.9 

2.2 

2.5 

2.8 


0 

0 

0.3 

0.4 

0.6 

1! 

1.5 

1.8 

2.1 

2.4 

2.7 

3.0 

a 1.7 

0 

0 

0.3 

0.5 

0.7 

1.3 

1.7 

2.0 

2.3 

2.6 

3.0 

3.3 

1 2-0 

0 

0.1 

0.3 

0.5 

0.8 

1.3 

1.8 

2.1 

2.5 

2.8 

3.2 

3.6 

§ 2.5 

0 

0.1 

0.3 

0.6 

0.9 

1.5 

1.9 

2.3 

2.8 

3.1 

3.5 

3.7 

a 3.0 

0 

0.1 

0.4 

0.6 

1.0 

1.5 

2.0 

2.5 

2.9 

3.2 

3.7 

4.0 

= 3.5 

0 

0.1 

0.4 

0.7 

1.1 

1.6 

2.1 

2.6 

3.1 

3.4 

3.8 

4.1 

4.0 

0 

0.1 

0.4 

0.7 

1.1 

1.7 

2.2 

2.7 

3.2 

3.5 

3.9 

4.2 

4.5 

0 

0.1 

0.4 

0.7 

1.1 

1.7 

2.3 

2.8 

3.2 

3.6 

4.0 

4.3 

5.0 

0 

0.1 

0.4 

0.8 

1.2 

1.8 

2.3 

2.9 

3.3 

3.7 

4.1 

4.4 

5.5 

0 

0.1 

0.5 

0.8 

1.2 

1.8 

2.4 

2.9 

3.3 

3.8 

4.2 

4.5 
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meter at the transmitter output. Measure the SWR 
with a small amount of power. Fig. 2 shows the rela¬ 
tionship between SWR and perfectly matched line 
loss for this method. 

The concept of reflected power is useful for 
obtaining the data for fig. 2. With a short circuit at 
the antenna end of the line, we may assume that 100 
percent of the power is reflected, since a short circuit 
cannot dissipate power. Then, based on the SWR 
versus reflected power function, we can figure out 
what proportion of the power "came back" to the 
SWR meter to be registered as reflected power. The 
remainder was dissipated as heat in the line. 

actual and apparent SWR 

Most hams measure their SWR in the station at the 
transmitter output. However, measuring it at this 
point does not give an accurate reading. The actual 
SWR, the quality of the match between the antenna 
and the feed line, must be measured at the antenna if 
an SWR indicator is to give accurate results. The 
reading you get in the station is the apparent SWR, 
and is always less than the actual SWR. Sometimes 
the difference is considerable. 

To accurately determine the SWR loss in your feed 
line, you need to know the actual SWR. This can be 
found out, of course, by climbing your tower or rent¬ 
ing a "cherry picker" and physically placing an SWR 
indicator at the proper point. But there is an easier 
way. 

If you know the line loss under perfectly matched 
conditions (from table 1 or fig. 2), table 2 will give 
you the actual SWR as a function of the apparent 
SWR. 

Once you know the actual SWR as well as the line 
loss under perfectly matched conditions, you are 
ready to find the SWR loss — the extra feed line loss 
caused by standing waves on the line. 

is it significant? 

Use table 3 to determine the SWR loss in your feed 
line. Does the result surprise you? How do you know 
whether or not it is significant? 

In general, if the SWR loss is less than 1 dB, you 
are wasting your time by striving for a perfect match. 
A change in signal strength of 1 dB is recognized as 
the smallest detectable change; therefore, in prac¬ 
tice, anything less is nothing. A gain of less than 1 dB 
will not be detected by the other station under any 
conditions. In table 3, the heavy black line differenti¬ 
ates between significant SWR losses (lower right) 
and those that are not significant (upper left). 

Just because you have an SWR loss of less than 1 
dB does not mean that you have a good antenna. It 
simply means there is no point in trying to get a bet¬ 


ter match with the existing feed line. A 2000-foot (1 
foot = 0.305 meter) run of RG-58/U at 21 MHz will 
be very lossy even if the SWR is 1. A 3-foot loaded 
vertical without radials at 3.5 MHz will have a lot of 
inductor and ground losses, even if it displays an 
SWR of 1. A small SWR loss does not make up for a 
poor antenna or feed line system. 

The data here can be used to determine whether or 
not it is a good idea to change your feed line. Sup¬ 
pose, for example, that you are using 300 feet of RG- 
59/U with an antenna having a pure resistive impe¬ 
dance of 75 ohms, so the SWR is 1. At 21 MHz there 
will be 4.8-dB loss in the line (table 1), although 
none of it is attributable to the SWR. Would it be 
worthwhile to change to RG-8/U, which has a 52- 
ohm characteristic impedance? 

Using table 1, note that 300 feet of RG-8/U has 
2.4 dB loss at 21 MHz. The SWR using this cable will 
be 1.5 (75/52), so there will be some SWR loss. How 
much? Table 3 tells us it will be only 0.1 dB, giving 
an overall feed-line loss of 2.5 dB. This is an improve¬ 
ment of 2.3 dB over the perfectly matched run of RG- 
59/U! A change of 2.3 dB is fairly significant. If 
money is no object, this change would be worth¬ 
while. 

The above is a rather unusual example, but in addi¬ 
tion to showing you how to use these data, it illus¬ 
trates another point as well: feed line loss is not a 
simple direct function of SWR. 

conclusion 

For all practical purposes, an actual SWR of 2.5 or 
better is just as good as a perfect match, as far as 
loss is concerned. This is apparent from examining 
table 3. So next time you try out a new antenna, 
don't throw your hands up in dismay and declare that 
it is no good just because your SWR meter reads 1.7! 

The data presented here are primarily intended for 
the DXer or contester, since optimum antenna per¬ 
formance is especially important for them. Actually, 
a good antenna is important in any ham station. Of 
course we should try to optimize antenna systems. 
But there is a point of diminishing returns. The fear 
of an SWR that's not perfect or near perfect can take 
the fun out of hamming — not because there is any¬ 
thing actually wrong, but because you think there is. 
Now you know the real story. If your SWR loss is less 
than 1 dB and you're using the best grade of feed line 
you can, you have no more excuse not to get on the 
air and startoperating! 

reference 

1. For a detailed discussion of reflected power, see: Hubert Woods, "Power 
in Reflected Waves," ham radio, October, 1971, page 49. Also see "Com¬ 
ments,' ham radio, December, 1972, page 76. 
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Amateur Radio 
equipment survey: 

synthesized 2-meter hand-helds 


High-frequency rigs have received all of the atten¬ 
tion in the ham radio equipment surveys thus far, and 
so the editors have decided that it's about time to let 
VHFers have a voice. This month, ham radio is 
surveying its readers' opinions of five of the most 
popular 2-meter hand-helds. The five are the Santee 
HT-1200, Tempo S-1 and S-5, ICOM IC-2A and 2AT, 
Yaesu FT-407, and Kenwood TR-2400. 

All of these radios are frequency-synthesized, and 
all of them have now been around long enough for 
Amateurs to have had a chance to put them through 
their paces and come up with a fair appraisal. Two- 
meter portables have become enormously popular in 
recent years, thanks mostly to the technological 
innovations that have made possible PLL synthesiz¬ 
ers, multi-channel memories, and — just as impor¬ 
tant — reasonable prices. Attend any ham conven¬ 
tion and you'll see just how well-liked these hand¬ 
helds really are: they're everywhere. 

The information that we're requesting is designed 
to help us get the clearest picture possible of what 
the owners of these radios think about them — what 
kind of problems they've had, what they think the 
best features are and what the worst. If you own or 
have owned one of these radios, please take the time 
to fill out the questionnaire. Only that way will other 


Amateurs be able to take advantage of your experi¬ 
ences. 

The results of this survey will be published as soon 
as all of the results have been received and tabulated. 
It is not mandatory that you give your name and call, 
although we like to know who has replied. By check¬ 
ing the box marked Yes underneath your signature, 
you will be giving ham radio permission to quote 
from your comments and use your callsign. If you 
choose to check No, your wishes will be respected 
and your callsign will not be used. Those who do not 
wish to remove pages from their magazine are urged 
to photocopy the questionnaire, or send a stamped, 
self-addressed envelope to ham radio, Greenville, 
New Hampshire 03048; we will send you a copy. 

Please mail in your completed form, one for each 
radio you want to report on, no later than September 
30. Questionnaires received after that date may not 
be used. The readers of ham radio have always, in 
past surveys, been eager to let other hams in on their 
experiences with Amateur equipment — to let a 
fellow ham in on a good deal or warn him away from 
a bad one. Here is another chance to lend a hand to a 
fellow Amateur. 

ham radio 
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the weekender 



dual voltage surge-protection circuit 
for high-voltage power supplies 

The circuit described here features dual output 
voltages with current surge protection, I developed 
the circuit so I could obtain, from one dc source, 
2000 volts dc for my 3-500Z and 4000 volts dc for a 4- 


charges, the voltage drop across resistors R1 and R2 
decreases. When the voltage across the relay coils 
reaches the pickup voltage of the relays, the contacts 
of these relays close, shorting out resistors R1 and 
R2, which applies full voltage to the primary winding 
of the power-supply transformer. 

When the output voltage switch, S2, is set for low 
voltage (position 1), the same process applies, but 
only relay RY2 operates. When switching the supply 
from low to high voltage, the voltage applied to the 
filter capacitor must again be increased slowly. This 
action is accomplished by components CR1, Cl, R5, 
and relay RY3. When the power supply is switched 
from low to high voltage, capacitor Cl retains a 
voltage across the coil of relay RY3 for a time deter- 



1000A linear amplifier conveniently and at minimum 
cost. 

circuit description 

Because of the very large secondary filter capaci¬ 
tor (or capacitors) in a linear amplifier power supply, 
it's necessary to apply voltage slowly to this capaci¬ 
tor to prevent tremendous current surges, which 
could destroy the power supply components. See 
fig. 1. 

When the high-voltage power supply is first turned 
on, the filter capacitor presents a short circuit. This 
low impedance is reflected back through the high- 
voltage power transformer, T, and short circuits the 
coils of relays RY1 and RY2. The contacts of these 
relays are normally open, and resistors R1 and R2 
decrease the 110 volts. As the filter capacitor 

By Edwin Hartz, K8VIR, 108 Hartz Drive, 
Holly, Michigan 48442 


mined by Cl and the internal dc resistance of the 
relay coil. (Time constant = RC.) 

Since the contacts of RY3 are normally closed, 
resistors R3 and R4 are short circuited when the volt¬ 
age across Cl decreases below the dropout voltage 
of the relay. This action brings the voltage of the 
filter capacitor to the high output-voltage value. An 
additional feature of the circuit is that, if a voltage 
breakdown short circuit should occur in the linear 
amplifier during operation, relay RY2 and/or RY1 will 
drop out and provide limited current surge protec¬ 
tion. 

This circuit has given excellent service. Compo¬ 
nents for the circuit are not critical as long as each 
has an adequate current and voltage rating. 

bibliography 

Marcellino, F.T., W3BYM, "Inrush Current Protection for the SB-220 
Linear," ( Weekender). ham radio, December, 1980, page 66. 
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Questions and Answers 


Entries must be by letter or post card only. No telephone requests 
will be accepted. All entries will be acknowledged when received. 
Those judged to be most informative to the most Amateurs will be 
published. Questions must relate to Amateur Radio. 

Readers are invited to send a card naming the question they feel is 
most useful, that appears in each issue. Each month's winner will 
receive a prize. In addition we will have a drawing of all the voters 
each month, and that winner will receive a prize. We will also give a 
prize for the most popular question of the year. In the case of two or 
more questions on the same subject, the one arriving the earliest will 
be used. 


radio propagation 

In the "DX Forecaster" cdlumn, 
mention is made of the terms solar- 
flux values and geomagnetic-field dis¬ 
turbances. / recognize these as the 
same as those / hear on WWV at 18 
minutes after the hour. Codld you ex¬ 
plain these and other terms (A index, 
K index! and how they affect radio- 
frequency propagation? — Kathleen 
N. Freeman, KL7IFF, 

These terms were discussed by Jim 
Gray, W2EUQ (now W1XU), in the 
September, 1977, issue of Ham Radio 
HORIZONS. We have had other in¬ 
quiries on this subject, so it seems 
worthwhile to explain these terms 
again. 

solar flux and geo¬ 
magnetic A indexes 

For best propagation of radio 
signals on the high-frequency bands, 
a relatively high solar flux and low 
geomagnetic A index are desirable. 
The solar flux is measured at 2800 
MHz and consists of radio noise 
whose magnitude has proven to be 


analogous to the magnitude of the 
energies that excite the E and F layers 
of the ionosphere. Solar-flux magni¬ 
tudes range from about 65 to 150 and 
can be roughly equated to smoothed 
sunspot numbers and Maximum 
Usable Frequencies (MUF). 

geomagnetic activity A index 

This number tells how well the 
ionosphere has performed with 
respect to the reflection and absorp¬ 
tion of radio signals, or both, particu¬ 
larly in the polar regions. An A index 
of 0-7 means excellent reflection of 
signals from the ionosphere, whereas 
an A index of 50 or more would indi¬ 
cate that a major magnetic storm is 
occurring, with severely disturbed, if 
not disrupted, radio-propagation con- g 
ditions. Intermediate values indicate § 
the relative condition of the earth's 1 
electromagnetic field. 

solar K index 

Also broadcast from WWV at 18 
minutes past the hour, this data is up¬ 
dated every six hours. The K index 
ranges from 0 to 9 and corresponds 
to the A index of from 0 to 50 respec¬ 


tively. Fig. 1 shows how the various 
indexes relate to expected radio¬ 
propagation conditions. 

tube or solid-state finals? 

Would you please outline the 
primary advantages and disadvan¬ 
tages of tubes versus solid-state final 
amplifiers? — Lewis I. Hegyi, N2BPO 

First, let's talk about power. Tubes 
are being used in most of today's 
high-powered linears. Solid-state 
technology, however, is beginning to 
produce devices that are capable of 
furnishing large amounts (several 
hundred watts) of rf energy. At least 
three manufacturers of Amateur 
equipment are now producing solid- 
state linear amplifiers that are capable 
of running at or near the Amateur 
legal limit. But it's probable that 
tubes will still be around for a while. 

One of the advantages of tubes is 
that they are much more forgiving of 
mismatched loads. It's pretty hard to 
damage a tube amplifier when trying 
to make it work into a load presenting 



fig. 1. Relationship between geomagnetic 
and solar flux indexes and their combined 
effect on ionospheric propagation of radio 
signals. 
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a high standing-wave ratio. A transis¬ 
tor amplifier, on the other hand, will 
almost certainly be damaged under 
these conditions unless it has built-in 
overload protection. Also, tubes are 
easier to replace than transistors, 
especially in modern high-density 
solid-state circuits. 

An advantage of solid-state finals is 
that transistors are smaller than 
tubes, which allows a lot of radio to 
be packaged into a small volume. 

There's a difference in power- 
supply requirements for the two 
types of amplifiers. Solid-state ampli¬ 
fiers require supplies that produce 
large amounts of current at low volt¬ 
age, while the opposite is true of 
tube rigs. An advantage of the solid- 
state amplifier in this case, of course, 
is that the danger of high voltages is 
eliminated. 

selecting equipment 

Having had: no previous experience 
in Amateur Radio, I find: myself drawr 
ing blanks when reading ads for ham 
gear. What are all those switches, 
dials, knobs, bells and whistles for 
anyway? How, do / go about selecting 
ham gear when / have no idea what 
everything is or does? What are my 
options? — Dr. Crosby Pulliam. 

Selecting ham gear pretty much 
depends on your sphere of interest, 
such as high-frequency communica¬ 
tions, VHF/UHF, microwaves, or 
whatever. If you decide to work the 
high-frequency bands and want to 
select a commercially manufactured 
receiver, transmitter, or transceiver, 
you can write to the manufacturer of 
the radio of your choice and order an 
instruction manual. The manual will 
provide details of the radio's features, 
both from a theoretical and operating 
standpoint. 

Or you can enlist the aid of a reput¬ 
able ham-equipment dealer. Many 
have radios set up and operating, 
complete with antennas. Visit a deal¬ 
er and ask for help in selecting a 
radio, then try it out (assuming you're 
licensed, of course). You'll find sales¬ 


people helpful and ready to answer 
your questions. 

An alternative is to ask a ham 
friend to demonstrate his equipment. 
Some of the features you'll like, 
others perhaps not, depending on 
how you plan to operate. The con¬ 
trols and switches on today's equip¬ 
ment look mighty impressive to a 
beginner, but each one considered 
separately is not all that mysterious. 

A good idea is to ask still another 
ham friend to demonstrate his equip¬ 
ment and explain its features. Keep in 
mind that your friends are partial to 
their equipment. Features that may 
appeal to one person may not appeal 
to others. Take a notebook and jot 
down your likes and dislikes. 

For example, suppose you're inter¬ 
ested in CW DX operating and want a 
receiver that will fit these require¬ 
ments. You'll want a receiver with 
excellent mechanical and electrical 
stability as well as good sensitivity 
and selectivity. 

Choose a receiver that has pass- 
band tuning, a notch control, and a 
sharp CW filter. With these three 
features you can virtually eliminate 
strong interfering signals and hear the 
desired DX signal, which would 
otherwise be inaudible. Passband 
tuning allows you to move the inter¬ 
fering signal around within the 
receiver's i-f passband. Then, by 
varying the notch control, you can 
null out the interfering signal or at 
least reduce its amplitude until you 
can hear the desired signal. Now, 
with the CW filter switched into the 
circuit, you’ll have just about the best 
selectivity anyone could want. 

A recommended book to help the 
beginner become acquainted with 
Amateur equipment is the ARRL's 
Understanding Amateur Radio, avail¬ 
able from Ham Radio's Bookstore for 
$5.00 plus $1.00 postage and han¬ 
dling. 

off-the-air tune up 

/ dislike the possible annoyance I 
might cause to other stations by put¬ 


ting a signal on the air when match¬ 
ing my antenna to my radio. Is there a 
way to match my set to my antenna 
without causing interference? — 
Donald, G. Ramras, M.D., KD6GR\ 

It would be great if others had your 
unselfish attitude toward this prob¬ 
lem. Some hams are conscientious 
and take steps to tune their antennas 
without radiating an interfering sig¬ 
nal. They use accepted methods for 
tune up and keep charts to indicate 
control settings for their equipment 
for different frequencies and bands. 
Others use the brute-force method 
and tune their rigs while on the air — 
never mind the interference! 

dummy load 

First of all, you'll want to tune your 
transmitter to resonance without an 
antenna. A dummy load, represent¬ 
ing the impedance into which your 
transmitter works, is the best device. 
A dummy load can be one of the 
many commercially available ver¬ 
sions, consisting of a 50-ohm nonre¬ 
active resistor immersed in a cooling 
liquid, such as transformer oil. Most 
Amateur transmitters want to see a 
50-ohm nonreactive load. After 
you've tuned up your transmitter into 
a dummy load of this impedance, 
you're ready to match the transmitter 
to your antenna. 

Amateur antennas have an input 
impedance varying from 50 ohms 
(dipole or Yagi beam) to several- 
hundred ohms (extended double 
Zepp, multiple-band dipole, long- 
wire). For antennas such as these, 
you'll need an impedance-matching 
device (sometimes referred to as a 
transmatch). This apparatus is 
designed to help you match your 
antenna impedance to that of your 
transmitter. 

For complete off-the-air tune up 
you'll need, in addition to the dummy 
load and transmatch, a receiver with 
good frequency calibration, and an 
antenna noise bridge. The noise 
bridge will help you determine the 
resonant frequency of whatever 
antenna you are using. 
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the noise bridge 

This instrument consists of two 
basic elements: a bridge circuit and a 
noise source, usually a diode. Con¬ 
nect the bridge to your receiver, and 
connect the receiver to your antenna. 
When the bridge is balanced, a null 
will occur in your receiver, indicating 
the resonant frequency of your 
antenna. 

One arm of a typical bridge con¬ 
sists of a potentiometer and dial that 
indicates resistance. When you ob¬ 
tain a null, the potentiometer dial will 
indicate the resistance of the tuned 
circuit (antenna). The resonant fre¬ 
quency of the antenna will be indicat¬ 
ed by your calibrated receiver. 

Ideally, the null will occur only 
when the antenna input impedance is 
a pure resistance. Some noise 
bridges include a "reactance” con¬ 
trol; others do not. If your noise 
bridge does contain a reactance con¬ 
trol, this control should be adjusted, 
along with the other controls, to ob¬ 
tain a null. Noise bridges that do not 
contain a "reactance" control may or 
may not include a reactive compo¬ 
nent in their indication of antenna 
impedance. 

When using the antenna noise 
bridge with your receiver, you'll prob¬ 
ably have to adjust your antenna¬ 
matching network (transmatch) to 
obtain a sharp null in the receiver and 
a resistance of 50 ohms, as indicated 
by the antenna noise bridge. Once 
these adjustments have been made, 
you can be sure that your antenna 
system is resonant and ready to take 
power from your transmitter. 

Before connecting your transmitter 
to the antenna, however, the trans¬ 
mitter should have been tuned to res¬ 
onance with its output connected to 
a dummy load. When this condition 
has been met, you know the trans¬ 
mitter is working into a nonreactive 
50-ohm load. You can then discon¬ 
nect the dummy load from the trans¬ 
mitter and connect the transmitter to 
your antenna, which has been tuned 
to resonance, as described previously. 

ham radio 



Catalog 



Discover the newest in 
amateur radio - all in easy- 
to-build, money-saving kits. 

• Complete line of transceivers, including 
the popular Heathkit HW-101 
a New deluxe antenna tuner puts you in 
control of all your power, 
a Unbeatable values in receiver/ 
transmitter combos, 
a VHF & HF Wattmeters 
a Rugged Linear Amps 
a Exciting 2-Meter Digital Scanning 
Transceiver 



If coupon is missing, 
write Heath Co.. 
Dept. 122-802 
Benton Harbor, Ml 
49022 

In Canada, write I 
Heath Co.. 1480 - 
Dundas Highway East, 
Mississauga, 
Ontario L4X2R7 


Plus a complete line of antennas and acces¬ 
sories... all money-saving values, now. in the 
new, 104-page Heathkit Catalog. Send for 
yours today. 


Please send my free Heathkit Catalog. 
I am not currently receiving one. 

Send to Heath Co., Dept. 122-802 
Benton Harbor, Ml 49022 
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Garth stonehocker, koryw 


last-minute forecast 

The higher frequency bands are ex¬ 
pected to provide good DX openings 
during the first week of the month. 
Then DX conditions will probably wilt 
like a DXer in the August heat, while 
the nighttime DX will have the better 
openings. Of course, the QRN may 
take some of the joy out of that un¬ 
less you're game for the early-morn¬ 
ing, pre-dawn hours. The higher 
bands should again come into their 
own with good DX toward the end of 
the month. Disturbed propagation 
conditions may appear around the 
8th and 25th for short, solar-flare-re- 
lated periods of a one or two days' 
duration, then around the 17th for a 
coronal hole period of three to five 
days' duration. 

The lunar perigee is on the 22nd 
and full moon on the 15th this month. 
The Perseids meteor shower occurs 
from the 10th to 14th, with its maxi¬ 
mum the 11th and 12th at better than 
fifty meteors per hour. 

August is a good month for short- 
skip openings by Sporadic-E (Es), but 
one of the last this Es season. The 
long hours of daylight will begin to 
fade noticeably by the end of the 
month. 

forecasting 

In the June DX Forecaster I gave 
some basic ideas on how propagation 
predictions are usually made. Here is 
some more shop talk about forecast¬ 
ing. Rather than trying to increase the 
accuracy of predictions by more 
closely defining variations of the ion¬ 
osphere, better we shorten the length 
of the time in advance of when the 


prediction is needed — that is, until 
the day or hour before. We can of 
course try to keep track of the geo¬ 
physical factors that could alter the 
prediction. This is like using low or 
high pressure areas, fronts, and 
winds in weather forecasting to say 
what the weather is going to be like. 
The geophysical factors found to be 
best for forecasting the ionosphere 
are the solar flux (in place of sunspot 
numbers) for predictions days in ad¬ 
vance and the magnetic field variabil¬ 
ity within three hours (K figure) or 
daily (A figure) for predictions hours 
in advance. 

As the solar radio flux goes up, ex¬ 
pect the mid-latitude maximum usa¬ 
ble frequency (MUF) to go up, after a 
two- to three-day delay. Or, as the 
geomagnetic field increases its vari¬ 
ability (A or K becomes larger), the 
MUF will drop overnight. The amount 
of drop is a function of geomagnetic 
latitude, varying inversely from 30 de¬ 
grees to the auroral zone (about 60 
degrees). The MUF increases directly 
with geomagnetic latitude every¬ 
where else. So you can forecast how 
the ionosphere propagation is going 
to behave from day to day or hour to 
hour by checking the daily solar flux 
value and geomagnetic A and K val¬ 
ues from radio station WWV at 18 
minutes after each hour. 

Alternative to keeping track of the 
ionospheric propagation, you can 
plot signal strength for your favorite 
DX QSOs to a particular location. 
Plot each QSO signal strength at a 
point on a linear graph with abscissas 
of solar flux (70-200 units) and ordi¬ 
nates of the geomagnetic A value 


(0-50 units). As the number of QSOs 
plotted grows, a family of similar sig¬ 
nal strengths builds so as to be usable 
for forecasting signal strengths from 
solar flux and A values. For more de¬ 
tail and examples of this method see 
articles in CQ magazine for Septem¬ 
ber, 1974, by Cohen; March, 1975, by 
Jacobs and Cohen; August, 1979, by 
Cohen and Jacobs; and in QST 
magazine for September, 1977, by 
Sartoni. It works! The North Atlantic 
forecast on radio station WWV over 
the years was done essentially by this 
method on a six-hour forecast period 
using the past two measured geo¬ 
magnetic K values. 

band-by-band forecast 

Ten and fifteen meters should pro¬ 
vide excellent daytime openings. The 
hours of daylight should begin to be 
noticeably shorter particularly toward 
the end of the month. Watch for the 
best openings during periods of high 
solar flux. They should be north- 
south paths to Africa, South Ameri¬ 
ca, and the South Pacific. A sun-fol¬ 
lowing sequence of Africa in the AM 
local time. South America in the early 
PM, and South Pacific in the late af¬ 
ternoon is usually seen from most 
QTHs in the U.S.A. Fifteen will be 
open a little before ten and will last a 
little longer in the evening. 

Twenty meters will be open around 
the clock on most days and will be 
the long-skip/short-skip workhorse 
of the high-frequency DX bands. Sig¬ 
nals will peak in the morning and af¬ 
ternoon hours, but will be readable to 
one area or another all the day and 
night. 

Forty meters is going to start coming 
back strong, except for the high QRN 
levels during local thunderstorms. 

Eighty and one-sixty meters will be¬ 
come active once again for DX during 
the nighttime hours, with strong 
openings into the south. High QRN 
levels will still be a problem generally, 
but they will be almost usable be¬ 
tween local thunderstorms. 

ham radio 
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two delta loops 

fed in phase 

Another version of this 
popular antenna eliminates 
the suspension boom 

Many months ago Ken Bale, W7VCB, sent me a 
copy of an antenna article describing a "ZF Special" 
antenna by ZF1MA in Grand Cayman, B.W.I. It used 
a pair of connected delta loops suspended from a 20- 
foot boom, as in fig. 1. Once in a while I would look 
at this idea and discard it, because 20-foot booms are 
pretty difficult to come by, not to mention to erect. 



Then one day I said to myself, "Why a boom?" I 
turned the page upside down and mentally suspend¬ 
ed the antenna from a nylon rope running from my 
50-foot TV tower to a mast 48 feet away. It looked in¬ 
teresting. I'd often used both 20-meter and 15-meter 
Joops suspended this way, but never two of them at 
a time. 

I decided that what ZF1MA had was two full 
waves in phase, and that the array was vertically 
polarized, since they were fed at a corner. 

improved phased 
delta-loop array 

Fig. 2 shows the result of my efforts. I changed 
the feed point to the flat top to keep the high-current 
point at the top. Feed-point detail is shown in fig. 3. 

So what do we have? A single delta loop has a gain 
of close to 2 dB referenced to a dipole. A pair of them 
at the close spacing shown will add another 2 dB. 
The pattern will be as in fig. 4. 

If the antenna is oriented so that one lobe is 
toward Europe, the other lobe will be toward the 
South Pacific. Or you can orient the antenna so that 
Japan and the South Atlantic are covered. 

My antenna is aimed at Antarctica in one direction 
and European USSR and the Persian Gulf in the 
other. It has provided excellent results with phone- 
patch traffic between my location and McMurdo Sta¬ 
tion, Antarctica, it has also performed well with 
many other DX stations on the 20-meter band. 

If I had more space, I'd use the feed system in fig. 
5, which provides horizontal polarization, (incidental¬ 
ly, Bill Orr’s Antenna Handbook shows that a delta 
loop fed in this manner yields a substantial, low- 
angle, vertically polarized signal.) 

element-spacing considerations 

Although the elements of my antenna are spaced 
as closely as possible without overlap (0.33 
wavelength, or 23 feet, center-to-center, for the 20- 
meter band), wider spacing would increase gain, as 
shown below. 

For two elements (20-meter band): 


spacing 

wavelength feet 

0.33 23 

0.40 27 

0.50 34 

0.65 44 


gain 


(meters) (dB) 

(7) 2.0 

(8) 2.8 

(10) 4.0 

(13) 4.8 


I The gain numbers shown are in addition to the 2-dB 
gain for a delta loop over a dipole. 

By Jerrold A. Swank, W8HXR, 657 WiHabar 
Drive, Washington Court House, Ohio 43160 
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For more than two elements, with half- and three- 
quarter wavelength spacing, here are the gain figures 
(from the ARRL Antenna Book)-. 

number of halfwave- 

parallel length spacing 

elements gain (dBI 

3 5 

4 6 

5 7 

6 8 

other arrangements 

I can picture some lucky ham who lives on a farm 
and who could stretch out a series of six elements 
with half-wavelength spacing for 10-dB total gain; or 
with 3/4-wavelength spacing for 13-dB gain, sus¬ 
pended from trees or a row of telephone poles. Or 
how about two arrays at right angles to each other, 
with the intersection at a cross point of two fence 
rows, using no farmland space? 

With an antenna gain of 13 dB, you’d have a 
power gain of 20, which would make a 2 kW PEP 
signal sound like 40 kWI 

For two band operation, spacing for the 15-meter 
band at 3/4 wavelength would be the same as half¬ 
wavelength spacing for the 20-meter band. And you 
could suspend the 15-meter-band loops inside each 
20-meter-band loop. 

Each delta loop has a feed-point impedance of 
about 120 ohms, so a pair is about 60 ohms, which is 
what mine measure. For more loops, the impedance 
should be as follows, with each feed line being the 
same length: 

Four loops, 30 ohms with an SWR of 1.7:1 and six 
loops with a 2.5:1 SWR. None of these will be diffi¬ 
cult to match. 

It would probably be well to use a 1:1 balun at each 
feedpoint. 

concluding remarks 

Stations from the South Atlantic, the Caribbean, 
and South America really pound in here during the 
day, with many pinning my meter at 60 dB over S9. 
At night, the Antarctic stations are often over S9 and 
are easy phone-patch quality both ways. 

Oh, yes — if you want to make a unidirectional 
beam, you can stretch a director or reflector element, 
or both, about 8 feet from the center of the array. 
Use a single wire 31 feet, 2 inches for the director and 
34 feet, 6 inches for the reflector. This arrangement 
will, of course, reduce the feed point impedance, 
making some sort of tuner or matching section nec¬ 
essary to reduce the SWR. This is especially impor¬ 
tant if you have one of the new solid-state rigs, 
which are intolerant of high SWR. 


3/4 wave¬ 
length spacing 
gain (dBI 
7.0 
8.5 
10.0 



Antennas are great fun. They are much more inex¬ 
pensive than amplifiers. Let me know how you make 
out — I'm always interested in what my antenna 
ideas do for others. 

One caution: if you use a really high-gain array, a 
polar map is essential for pointing directions. I read 
about a ham who put up a ten-element Bruce array, 
and used a regular orthogonal map and completely 
missed his objective. 

ham radio 
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How to use your 
Amateur Radio experience 
to gain a career 
in the professional world 


from Amateur 

to professional 


The Federal Communications Commission is 
quite explicit on the following point: 

United States Amateur Regulations: 97.112 a) An 
amateur station shall not be used to transmit or 
receive messages for hire, nor for communication for 
material compensation, direct or indirect, paid or 
promised. 

In other words, you can't make money from 
Amateur Radio. Or can you? Well, you can't charge 
fees for passing traffic, and running commercials is 
strictly verboten. However, there are legal ways of 


earning money indirectly from your hobby. As a mat¬ 
ter of fact, the FCC says, in another part of its rules 
(Section 97.1), that the aims of the Amateur service 
are to provide an expansion of the existing reser¬ 
voir... of trained operators, technicians and elec¬ 
tronics experts. In the past, this section of the 
Amateur regulations has been interpreted by many 
as meaning a pool of experts available to the military 
in time of war, but it's obvious that such people can 
serve private industry as well. And Amateurs serving 
private industry means jobs for hams. 

cashing in on 
Amateur Radio 

Perhaps like no other hobby or pastime, Amateur 
Radio provides its participants with a real opportunity 

By John Edwards, KI2U. 78-56 86th Street, 
Glendale, New York 11385 
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to acquire skills immensely useful in the world of time 
clocks and paychecks. The fact that this training can 
also be lots of fun is an extra benefit. Just think of 
some recent ham-radio contacts you've had. Odds 
are that half (probably more) of the people you spoke 
to were employed in some type of radio or electron¬ 
ics-related field. Now, whether ham radio got these 
people interested in their jobs or vice versa is subject 
to debate. But the fact of the matter is that ham radio 
and professional electronics go hand in hand. 

What this means to you is that all those hours 
spent poring over electronics theory books and 
attending licensing classes didn't go to waste the 
-moment you received your ticket. Depending on how 
high up the Amateur licensing ladder you've pro¬ 
gressed, you may be qualified for scores of jobs with 
only a little extra training. Other, more advanced 
positions, may require additional formal study; but 
with an Amateur Radio head start, you'll probably 
jump to the top of your class in no time. Whether 
you're a high-school student looking for a career, a 
person in mid life frustrated with your present job, or 
retired and in need of some extra income. Amateur 
Radio may be the pathway to your financial goal. 



Television repair, either as a full or part-time job, has 
long been a traditional field for Amateurs. (Photo cour¬ 
tesy Hewlett-Packard .) 


broadcast radio service, did Amateur and profes¬ 
sional radio enthusiasts part ways. 


types of jobs 

There are many types of occupations open to job¬ 
seeking Amateurs. The FCC, in a published list,* has 
counted more than 65 different career categories 
covering radio alone. So, contrary to public opinion, 
not all hams professionally employed in electronics 
are electrical engineers (although many are), but run 
the full gamut of occupations within the industry. For 
the purpose of this article. I've narrowed the list 
down to five specific fields: broadcasting, television 
repair, electrical engineering, computing, and two- 
way radio servicing. While this compilation doesn't 
cover the entire spectrum of jobs having an Amateur- 
Radio connection, it should give you a rough idea of 
the choices available and show how you can match 
your skills and interests to a specific radio-electronics 
career. 

broadcasting 

Although nearly everyone seems to have forgotten 
by now, at one time Amateur and broadcast radio 
were one and the same. Stations such as Pitts¬ 
burgh's KDKA and New York's WQXR (originally, 
experimental station W2XR), among others, were 
pioneered by Amateurs fascinated with the concept 
of radiotelephone communications. Only when 
advertisers realized the potential of mass electronic 
communications, and began pouring money into the 


*A publication called "Careers in Broadcasting," routinely sent to those 
writing the FCC for job information. 


Practical experience. Even though the gap 
between Amateur and professional radio is now 
large, the distance separating the two isn't all that 
far. For instance, if you know how to build and 
operate an Amateur am transmitter, chances are you 
can do the same with a commercial rig. And, of 
course, when it comes to troubleshooting a circuit, it 
makes no difference whether the rig you're working 



From technicians to engineers — as sex barriers con¬ 
tinue to fall, more jobs in all areas of the electronics in¬ 
dustry will open to women. (Photo courtesy Hewlett- 
Packard .) 
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on is Amateur or commercial. Actually, the greatest 
barrier separating technical people in the two ser¬ 
vices is the FCC. Just as the Commission has an 
incentive licensing ladder for hams, a similar struc¬ 
ture also exists for broadcast engineers. To operate 
or service any type of commercial equipment within 
the United States, you must hold one of three levels 
of commercial radiotelephone licenses, which are 
designated as First, Second, and Third Class tickets. 
A First, in most cases, is required for broadcast sta¬ 
tion technical employment. 

Technical requirements. The examinations for 
these licenses are rigorous (although there is some 



The cbmputer, two-way radio, broadcast and many 
other industries have a real need for trained techni¬ 
cians. And many newcomers will come from the ranks 
of Amateur Radio. \Photo courtesy Hewlett-Packard .) 


disagreement on whether the Amateur Extra or First- 
Class Radiotelephone is tougher), but not beyond 
the comprehension of most Amateurs. While the 
material in these tests is much too detailed to cover 
here, your local FCC field office can provide you with 
the latest syllabus together with an examination time 
schedule for your area. 

While a radiotelephone ticket is necessary to get 
your foot into broadcasting's door, you'll probably 
need some outside education, too. This can include 
technical school, junior college and even, in some 
lucky cases, on-the-job training. These days, in a 


switch from the past, many prospective broadcast 
engineers are also going the four-year college route. 
An extra benefit here is that most schools offering a 
broadcasting or communications major will have a 
radio station and television studio available for 
students for hands-on experience. Such practice, 
besides training the student, also gives him or her a 
chance to decide which specific area of broadcast 
engineering to enter. 

Compensation. Pay for broadcast engineers is 
good, from about $9,000 a year for a beginner at a 
small-town station to over $35,000 for a chief 
engineer at a "Top 10" market outlet. In a middle- 
level position, pay ranges between $15,000 and 
$20,000 — somewhat higher at larger, unionized sta¬ 
tions, and, of course, the networks.* In addition, 
scanning the want ads in Broadcasting magazine 
(available at most larger libraries) will give you a good 
idea of job opportunities around the country. 

television repair 

The receiving end of the broadcasting industry 
also has ample job opportunities for Amateurs. 
Although being a television service technician may 
not sound as glamorous as working at a radio or TV 
station, it's still an excellent field in which to make an 
adequate, steady income. 

Independent shop or salaried employee? There 
are two traditional ways to earn money from televi¬ 
sion repairs. You can either open your own shop and 
be your own boss, or you can become someone 
else's salaried employee. If you operate your own 
shop, there's really no simple way of telling how 
much income you'll make in a year. You might hit the 
big time and decide to start a chain-of television serv¬ 
ice centers in shopping malls across the nation, or 
you could fail and lose everything. 

Factors affecting your chances for success will 
hinge on the size of your shop's community, poten¬ 
tial competition and, certainly, your own business 
sense and technical acumen. On the other hand, 
working as a technician in someone else's business 
offers the comforting prospects of a weekly pay- 
check and job security. As a tradeoff, many TV tech¬ 
nicians with an eye toward opening their own busi¬ 
ness will opt to put in at least five years work as a 
service shop employee before setting off on their 
own. This trial period gives the budding entrepreneur 
time to acquire the skills of the trade while simultane¬ 
ously learning from his boss's mistakes. The average 
$11,000-$15,000a year such an employee can expect 
to earn should also help to provide at least some of 
the nest egg for his eventual business. 

(NABETl, 135 West 50th Street. New York, New York 10019. 
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Free lancing. Besides the two ways mentioned 
above, there's also a third path to making a TV serv¬ 
icing income that's especially appealing to part- 
timers — free lancing. With this method you can use 
your own ham-radio workbench to service TVs on a 
small scale in your own home. Of course, you'll have 
to scrounge your own customers; but by advertising 
in local newspapers and undercutting the high-over- 
head competition, you should be able to make more 
than a few bucks. Just be sure to fine out in advance 
if your community has any laws regulating TV repair 
shops. 

Shoddy practices by a minority of TV technicians 
have forced severe crackdowns by some localities, 
and you'll want to be sure that you're operating 
within the law. But whichever route you take, if 
you're good at troubleshooting and perhaps have a 
year or two of technical-school training, TV servicing 
may be your answer. 

electrical engineering 

"If you've got the degree, we've got the job." That 
seems to be the rallying cry for EEs springing from 
virtually every major newspaper's employment pages 
these days. Whether you want to be a design engi¬ 
neer, technical writer, or consultant, it's certainly a 
job hunter's market with companies literally all over 
each other to get qualified applicants. So tight is the 
current EE job squeeze that many firms in California's 
"Silicon Valley" have even taken to building on-site 
tennis courts and swimming pools to attract workers. 

What's available. Needless to say, with some 
employers even going so far as to fly applicants 
across the country at no charge just to look over the 
facilities, many EEs can almost write their own ticket. 
It's not unusual for someone in such especially desir¬ 
able fields as microprocessor and energy work hav¬ 
ing say, five years' experience, to be earning up¬ 
wards of $30,000. Not bad. But there is a price to pay 
for such a rosy picture; and the cost here is educa¬ 
tion — the more the better. 

While a bachelor's degree is a must, the ever- 
increasing flood of technical information swamping 
the industry is making engineers holding masters 
degrees and even doctorates especially sought-after. 
Of course, you'll have to pay to get that education; 
but with the salaries currently being offered, you 
should be able to make the money back quickly. 
Many firms will even refund your education costs as 
a bonus for signing up. 

Using your ham experience. Obviously, a ham 
ticket isn't as important here as it might be in broad¬ 
cast engineering or TV servicing. Just because you 
passed a few FCC exams doesn't mean you can 


design an aircraft radar system. Yet, Amateur exper¬ 
ience can be a big boost to your education. The mere 
fact that you hold an Amateur license is evidence of 
your interest in the field. While it may not be your 
only key to success, it will give you a leg up on the 
competition. And when it comes to the tough 
schooling an EE needs, every bit of an advantage 
helps. Anyway, who knows? With your Amateur 
Radio background, someday you may even get a job 
designing ham rigs!* 

computing 

As in electrical engineering, the job situation here 
is pretty wild. Although employers won't go to quite 
the same lengths to get qualified computer people as 
they do for EEs, the money is tops, the job market 
very open and, perhaps best of all, you won't have to 
spend six or more years at college to get started. 

Depending on the exact area of computing you're 
contemplating, you may be able to get away with as 
little as a year or two at a technical school or junior 
college. Data processing and computer maintenance 
are just a couple of areas open to applicants with as 
little as a few months of classroom training. Of 
course, for higher-level positions in such areas as 
programming or analysis, you'll need a four-year col¬ 
lege degree; but, as in electrical engineering, the 
financial rewards are substantial, so an educational 
investment can be most worthwhile. 

Although the computer field isn't directly related 
to Amateur Radio, many hams do manage to com¬ 
bine the two. Just ask your friend who spends his 
weekends swapping programs, through ASCII RTTY, 
on 2 meters. 

So, if you're the type of person who can't enjoy 
getting on the air without a keyboard at hand, you 
may be able to enter the computer field without any 
additional schooling at all — or you can finance your 
advanced education by working at a part-time com¬ 
puter job. 

Depending on your exact skills, many openings 
exist for computer operators and program trouble¬ 
shooters with virtually no knowledge of computer 
electronics but requiring a deep understanding of 
computer languages, something many advanced 
computer hobbyists seem to possess almost by sec¬ 
ond nature. Also, most companies specializing in 
games and other personal-computer software are 
constantly searching for people who can supply 
them with new and interesting software. So take a 
look around! If you regularly operate a home com¬ 
puter, chances are there's a job waiting for you 
somewhere. 

•For more information on electrical-engineering careers, drop a line to the 
Institute of Electrical and Electronics Engineers (IEEE), 345 East 47th Street, 
New York, New York 10017. 
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two-way radio servicing 

A long-time career choice for many Amateurs, the 
two-way radio servicing business is experiencing 
something of a renaissance. An explosion in two- 
way radio use, combined with a serious drought of 
expert technicians, has created an ever-widening de¬ 
mand for skilled people to repair everything from 
police radios to CB sets. 

Since two-way radio technicians {like their broad¬ 
casting counterparts) must make transmitter repairs, 
workers here are required to hold an FCC radio¬ 
telephone license. On the brighter side, however, 
only a Second-Class ticket is usually needed for most 
two-way equipment servicing. 

Pay for these radio technicians is superb, especial¬ 
ly when you consider that a reasonably intelligent 
Amateur holding a Second-Class commercial license 
doesn’t need anything more than a basic high-school 
diploma to begin his career. Such a person can 
expect to make around $10,000 a year to start, with 
salary prospects going as high as $25,000 for a super¬ 
visory position, and even more for repair-department 
heads for such major employers as the airlines and 
government. 

Uncle Sam 

Speaking of the government, many good opportu¬ 
nities exist within Civil Service for radio technicians. 
Federal, state and local governments are in almost 
constant need of qualified people to repair and main¬ 
tain radios for police, fire, safety, and other public 
services. For the latest line on government jobs in 
your area, write to your state or local Civil Service 
department.* 

By the way, if you feel you can't drag your inter¬ 
ests too far away from Amateur Radio, the U.S. 
Office of Personnel Management will also send you 
information on how to apply for a job with the FCC. 
Now, there's a job with a real Amateur-Radio con¬ 
nection! 

final comments 

So put your Amateur-Radio skills to work. There's 
a big, wide world out there crying for people with 
your technical knowledge, and they're willing to pay 
good money for what you learned from those study 
manuals. One last word: when applying for a job, be 
sure to mention Amateur Radio on your resume or 
application. More than one ham has been pleasantly 
surprised when that imposing person interviewing 
him or her for a job suddenly looked up from the 
form, smiled, and said, "Say, I'm a ham, too." 


U.S. Office of Personnel Management, 1900 E. Street Northwest, Wash¬ 
ington, O.C. 20415, for details on Civil Service applications and examina- 

ham radio 
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DXer’s 

diary 



By Bob Locher 
W9KNI 


I arrive home from work at the 
usual time. It was a full day for sure, 
and I'm a bit tired. But a good dinner 
— and a chance to relax a bit while 
reading the paper — refresh me and 
I'm ready to go. By 0030 Zulu, 7:30 
Central Daylight Saving Time, I'm 
easing into the operating chair. 

I flip the switches to turn on the 
gear and move the bandswitches to 
15 meters. With the elevated sunspot 
count these days, 15 is queen of the 
DX bands during late summer. Usable 
during the day for DX, it really comes 
alive in the late afternoon and early 
evening, and probably will stay open 
all night if conditions are any good at 
all. 

I'm hoping that LU3ZY will show 
up again tonight. This station is run 
by the Argentine Navy from the 
exceedingly rare South Sandwich 
Islands. Until this station became 
operational recently there had been 
no activity from these islands for over 



ten years, the last operation having 
been put on by a British VP8 station. 

The islands harbor an environment 
hostile to man. The small group is 
actively volcanic, and a volcanic 
eruption in fact caused the emergen¬ 
cy evacuation of a scientific team a 
few years ago. The island group is 
claimed by both Argentina and the 
United Kingdom, but neither party 
seemed too concerned about the 
matter until international law 
developed the concept of 200-mile 
zones of economic control around 
islands such as the South Sand¬ 
wiches. Suddenly, these deserted, 
remote, Antarctic islands became the 
sacred soil of the motherland, with 
both Argentina and Great Britain 
heatedly arguing their claims. 


But the DXCC program recognizes 
operation from either country, and I 
will be perfectly content to receive a 
QSL from either LU3ZY or a VP8, as 
long as it says, "South Sandwich 
Islands" on it. 

I bring the antenna around to 151 
degrees, the bearing my Second Op 
says is correct for the American Mid¬ 
west bearing to the South Sand¬ 
wiches, and I begin tuning the band. 

LU3ZY is proving to be an elusive 
catch. I have heard him twice this 
summer, once on that memorable 
night when I snagged the A51 in Bhu¬ 
tan (the thought still brings a grin to 
my face — sure hope the QSL shows 
up soon), and I heard him again three 
weeks later, again on 15 CW. A YV 
station told me that he was often on 
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10 meters, but that won't do us much 
good in the Northern Hemisphere in 
summer. Openings are possible, but 
unlikely that far into the Antarctic. 

The DX Tip Sheet shows that he 
has been operating a little on 20 
meters: at 5 AM local one night, 2 
AM another. I'd get up and watch for 
him if he would ever show a pattern; 
and I did stay up till 2 AM one night 
with insomnia. Sure enough, not only 
did he get on at 5 AM that morning, 
but when he did, he QSO'd VK9NV, 
the Norfolk islander that I still need. 
Agghl 

I just have not been able to get a 
pattern on him. And maybe there 
isn't one. Most DX stations have a 
pattern, and if you can get enough 
data, it usually is pretty easy to find 
the fellow, often requiring nothing 
more than a little bookkeeping and a 
little lost sleep. Of course, working 
him after you find him can be another 
thing, especially if lots of other 
hungry DXers also know the DX sta¬ 
tion's pattern. 

But some fellows just don't follow 
a pattern, and they are the kind that 
give you grey hair. I've got a bit of 
help lined up: K6NA and I have a pact 
to call each other if we hear the LU3, 
Glenn is two hours behind us, so he'll 
be up later, which helps; and besides, 

I don't think he ever sleeps. With the 
score that he's got, he couldn't. 

The band tonight seems in good 
shape. As I tune up from the bottom, 
strong signals from South America 
seem everywhere. There aren't all 
that many CW stations in South 
America but the ones you do find are 
superb operators, almost to a man. 

But it's not South Americans that 
I'm after, it's the Antarctic islands. I 
keep tuning, listening especially for 
signals that are a little weaker. Of 
course, most of the signals that are a 
little weaker are from stations using 
low power and simple antennas, or 
they are stations coming in off the 
back or the sides of my antenna. But, 
in any case, there are lots and lots of 
South and Central American signals 


to filter through, and always the nec¬ 
essity of watching them to be sure 
one isn't a CE9 or an LU/Z station. 

I tune the band slowly and carefully, 
but without result. I hear VP8s; all in 
the Falklands. I hear one of the Rus¬ 
sian 4K1 stations in the Antarctic. 
There's a pretty good pileup on a 
PY0, but it's Fernando de Noronha, 
an island off the Brazilian coast and 
one I don't need. 

Almost before I know it, it's 0300Z, 
10 PM local, time to close up shop. I 
muse on the evening's DXing as I 
head up the stairs to catch the news. 
Nothing at all to show, really — 
which, of course, is the way it is most 
of the time. But it was still enjoyable, 
listening to the world talking. And I'll 
be back tomorrow, 

August 8th 

I start tuning about the same time 
as last night, with the same results as 
last night too. Lots of South Ameri¬ 
cans; little else. Band conditions 
don't seem to be as good. Maybe 
tomorrow. 

August 10th 

I couldn't get on the band last 
night. I had to stay late at work and 


got home late. Got to watching the 
game on TV during dinner and decid¬ 
ed to stay with it, since it was already 
9:30. The Cubs won again; their sixth 
straight on the road. LU3ZY was 
probably working all comers and hav¬ 
ing to call CQ to raise a little action, 
the way my luck runs. But the 2- 
meter DX net was quiet, and no 
phone calls. Maybe it's tonight in¬ 
stead. I can always hope. 

The band sounds a little better 
tonight. I barely lift the receiver above 
21,000 when I hear FB8YC calling 
CQ. FB8Y is the French Antarctic, a 
curiosity station. A lot of DXers 
would given up next year's vacation 
for FB8W, which is Crozet, and FB8X 
and FB8Z are almost as rare; FB8Y 
counts as Antarctica, which is fairly 
common. But again, the station is on 
the Indian Ocean side of the Antarctic 
continent, so it is a long shot over a 
transpolar path to a station whose ex¬ 
istence is widely know, but one that 
is rarely heard. 

I bring the VFO up on him. He 
signs, and, pausing a second, I hear 
several stations start calling him. I 
call, but when I open the receiver 
again, I hear him calling W1FB. 
Regretfully, I decide to move on. I 
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don't need him for a country counter, 
and I do need the LU3ZY QSO. If I 
could have nailed him quick and easy, 
I would have, but I can't. Maybe 
later, after I've had a look across the 
band. I'll find him without a pileup. If 
Ido, I'll try again. 

With that behind me, I continue 
tuning up the band. It quickly 
becomes apparent that conditions are 
pretty good, with lots and lots of sig¬ 
nals. Hey, there's a bit of a pileup. 
OK, it's 8R1G. And the pileup on him 
is mostly JA stations; some of them 
are pretty loud, and off the back of 
my antenna at that. 

At 21,033 kHz, I run across ZD8TC 
negotiating his way through a crowd 
of admirers in contest style. And 
three kHz above him is VP5FM. And 
everywhere are South Americans; 
PYs, LUs, plus the occasional CE, 
ZP, and CX. 

There's a weak signal calling a CO. 
OK, another JA. And there's 
KC4AAF, one of the American scien¬ 
tific stations in the Antarctic. Well, 
the band's open, for sure. I decide to 
speed up my tuning for a few 
minutes, and use that old Novice 
technique, "tune for the pileup." 

Normally, I never use this tech¬ 
nique on purpose. I much prefer to 
crawl up a band, listening to every 
signal at least for a moment. It's a 
heck of a lot more productive, and 
frankly, a lot less boring. In fact, it's 
fun, even if I don't catch a new one. 
A good open band is a dynamic, liv¬ 
ing thing, with a possible surprise at 
every kHz: to hear a band, to explore 
it, to hear signals from everywhere on 
different paths, to eavesdrop on old 
friends chatting or people making 
new friends. 

Careful tuning brings other thrills, 
too. Digging a really rare one out, 
getting him in a one-on-one situation, 
having a nice ragchew with liberal use 
of his callsign — and then the enor¬ 
mous pileup on him when you sign 
clear with your 100 watts — it's 
heady stuff. 

Tuning for pileups is a great way to 


run up an SWL DXCC, but getting the 
QSO can be tough, really tough. 
Especially when you're after a rare 
one. Still, suppose that the LU3ZY 
station is already on the band? A half 
hour's careful tuning from the bottom 
up that leads to finding him at 21,080 
with a horrendous pileup isn't neces¬ 
sarily the right way to do it either. 

I start tuning higher, but much 
more rapidly. Instead of individual 
signals, I look for concentrations of 
signals; in a word, for pileups. 

At 21,057, I find one. I should say 
centered on 057. This one's huge; 
hundreds of stations frantically call¬ 
ing; but calling whom? The calling 
stations seem to be spread out a bit, 
over at least five kHz. That's a pretty 
good sign that whomever they are 
chasing is working split frequency. 
And yes, they all start calling at once, 
and they all stop calling at almost the 
same time. 

Whoever's running this pileup is a 
real pro; he's got everyone marching 
to his drumbeat. And the way they 
are calling so neatly in unison sug¬ 
gests that he has a pretty loud signal. 
He's probably lower in frequency; I 
drop back to 21,050 and have a look. 

Almost immediately I find him; a 
good 579 signal, really pounding it 
out: 

"W1DA5NNK".. ."RTU" 

"4SMX ? 5NN K" . . . "R K4SMX 
EE" 


"N4AR HI BILL 5NN K" . . . "CU E 
E" 

"PY7PO 5NN K" . . . "R QSL VIA 
K0HGB QTH SO GEORGIA 73 DE 
VP8MU QRZ UP8" 

South Georgia. A real goody in¬ 
deed, and one I don't need, but that's 
another story. I call it on 2 meters; 
"VP8MU, that's Victor Pappa Eight 
Mexico Uniform, South Georgia, 
twenty one oh five oh, South Geor¬ 
gia, twenty one oh five oh, listening 
up eight, he's got a good signal, 
here's W9KNI." 

I get a terse response: "All right!" 
Hmm. Whoever that was really 
should sign a call. Oh well. 

Anyhow, it's time to keep moving. 
I'm soon up to 21,150 and, as I sus¬ 
pected after hearing the South Geor¬ 
gian pileup, no LU3ZY. In a non-con- 
test situation, it's rare to have two or 
more huge pileups on a band. If 
nothing else, two rare stations split 
the band population between them, 
limiting the size of either pileup. 

Anyhow, it's back to slow, careful 
tuning for me, now that I'm pretty 
confident that the LU3ZY station isn't 
a featured guest in a pileup. I move 
the receiver back down to the bottom 
of the band and start tuning up higher 
again. My interest is heightened now, 
helping me to keep the concentration 
needed for the job at hand. Hearing 
that VP8 on South Georgia has got¬ 
ten my fires lit, even though I don't 
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need him. After all. South Georgia 
and the South Sandwich isles are 
neighbors in that frozen part of the 
globe. Maybe there is hope. The 
band is open, at least, and that pileup 
is so huge that there can't be too 
many people after LU3ZY if he does 
show. 

Another factor is in my favor. It's 
summer here and winter there: the 
long night of the polar regions, and 
so cold that the personnel at the sta¬ 
tion have to pretty well stay inside. 
Maybe there's a shortage of enter¬ 
tainment; operating 15-meter CW 
could be an ideal pastime. 

I tune much more carefully this 
time, more the way I prefer to tune. If 
I didn't have a specific target (that is, 
the LU3) I would tune through 100 
kHz, then rotate the antenna 90 
degrees and do it again. If the band is 
open at all, it can be a fascinating 
exercise, listening to the world. I lis¬ 
ten to this signal, "QTH HR BUENOS 
AIRES," and that signal, "QSL SURE 
VIA BUREAU," obviously a statesid- 
er with backscatter, and if he is going 


to QSL via the bureau he obviously 
isn't too excited. 

Then, another backscatter state- 
sider, "OK ISIDRO QSL VIA LU2CN 
TNX NEW ONE ES 73 . . ." That 
almost has to be himl The right 
name, the right manager, and a new 
country for whoever's in QSO. I 
punch the switch to turn on the line¬ 
ar. Bzzzt — zap — the surge relay 
drops out, and it's operational. It's 
already tuned on 15; I only need to 
trim the drive level from the exciter. I 
back off the drive control on the ex¬ 
citer; I will advance it to the proper 
level as I start my call. 

There — the other station is sign¬ 
ing — sure enough, "LU3ZY DE 
W3KT SK." I listen intently. There he 
is, almost dead on 3KT's frequency. 

"R W3KT DE LU3ZY OK OM TNX 
ES 73 MUST QRT FOR DUTY W3KT 
DE LU3ZY SK CL EE." 

Arrrhhhghl Ohhhhgh! 

I call, desperately, a one by two. I 
listen. Nothing. Absolutely nothing; 
no competition and no QSO. I call 
again, but I know I'm dead. I listen. 


I'm right. 

After a pause, I hear, "SRI HOPE U 
GET HIM NEXT TIME W9KNI 73 DE 
W3KT" That KT's a gentleman, a 
class act. 

I respond, “R TNX JESSE ES 
CONGRATS UR FINE CATCH 73 ES 
GLW3KTDEW9KNI EE." 

Gad. Maybe I should go back to 
stamp collecting. 

But even as I consider such op¬ 
tions, I make notes on my little chalk 
board, "LU3ZY 21032 0154Z." I make 
a mental note as well that the slight 
chirp he appeared to have last time I 
heard him seems to be gone; his sig¬ 
nal was nice and clean this time. 
Hmmm. The time is interesting. Obvi¬ 
ously his watch must change at 0200 
Zulu, so that he has to go on duty, 
and QRT. I'm pretty sure that he 
could not have been on the band 
long, or there would have been a ter¬ 
rific pileup on him. I wonder how 
W3KT caught him? On a CQ maybe? 
Or hunting? 3KT's a sharp old fox, 
and his QSO with the LU3 was proba¬ 
bly no accident. He knew what he 
was doing. 

Well, I don't really have enough 
data to mark any kind of a trend, 
although I have a good deal more 
than I did yesterday at this time. But 
you better believe one thing — I'm 
going to be watching tomorrow 
around 21,032 at 0130Z like a hawk. 

I turn off the gear and head up the 
stairs. Might as well go for a walk. 

August 11 

I had to work late again tonight, 
but still, I managed to get home in 
good time. My wife, sympathetic to 
the cause, has dinner ready when I 
get home, and I'm in front of the rig 
with a few minutes to spare against 
my self-appointed schedule. 

OK. Antenna south-southeast. 
Check. Linear tuned for 15. Check. 
Attenuator out. Check. I settle the 
headphones into place, bring up the 
receiver gain — and there he is, 
square in the middle of the passband. 

"CQ CQ DE LU3ZY LU3ZY AR K. 
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...at last... 
your shack organized! 

A beautiful piece of furniture — your XYL will love it! 

$16450 S-F RADIO DESK 

Deluxe - Ready to Assemble 

Designed wilh angled rear shelf for your 
viewing comforl and ease of operation. 
FINISHES: Walnut or Teak Slain. 

Floor Space: 39" Wide by 30" Deep 




SI 


k. 1 / nol included Checks, Money Orders. Bmniniiionu- _ 

and Master Charge Accepted. 

Also Available .. F.O.B. Culver City. (In Calif. Add 6% Sales Tax.) 

^^Floor Space: 51 "Wide by 30" Deep _DEALER INQUIRIES INVITEO_ 

1 S 193 50 S-r flnmteur R«di« /HVKe/ 

1 Jk 4384 KEYSTON^VENU^CULVERCITY^AUF^023(^^HON^213^37-487<^ 


QRZ Wl’s, W2’s and W3’«... 

LOOKING FOR AEA PRODUCTS 
IN THE NORTHEAST? 

LOOK TO RADIOS UNLIMITED... 
NEW JERSEY’S FASTEST GROWING 
HAM STORE! 

Gel your hands on AEA's great keyers huge slock ol ham gear |. and try before 

and Isopole anlennas al Radios Unlimited, you buy! We don't mean a III lie off the-air 
You can reach us easily via the Jersey diddling with the keyer. we let you PUT 

Turnpike, and when you gel here you can IT ON THE AIR AND HAVE A QSO...really 
TRY BEFORE YOU BUY al our in-store check it out under YOUR kind ol operating 

operating position. Yes! Pick out any AEA conditions... then decide. We know AEA. 
keyer. (or any other equipment Irom our and we know you’ll select one ol these: 



•1 MorseMatic™ memory keyer with 
tnicorcomputers and 37 fantastic lea- 

_s including up to 2000 characters ol 

memory plus virtually every capability of all 
the other keyersS trainers listed below 

call lor super low price' 


CK-1 Contest Keyer with 500 character 
memory, soil message partitioning, auto¬ 
matic serial number, and much, much more 

MK-1 Morse Keyer with selectable dot & 
dash memory, lull weighting, calibrated 

speed, bug mode and more. 

call lor super low price ' 
KT-1 Keyer Trainer with all the lealures ol 
the MK-i aDove and me MT-i below 

call lor super low price' 
MT-1 Morse Trainer lor pulling up that code 
speed Ihe easy way wilh automatic speed 


call lor super ■ low price' 


.A THE EXCITING ISOPOLES THAT ARE 
BOOMING OUT THOSE INCREDIBLE 
VHF SIGNALS WITH MAXIMUM GAIN 


I ATTAINABLE, ZERO 
W DEGREE RADIATION 
ANGLE AND 1.4:1 
SWR ACROSS THE 
ENTIRE BAND! — 

maior manufacturers...a big selection o 
-.i—,. s accessorles operating a 


lus a huge collection ol new gear Irom all 
used equipment bargains, all you'll ever 
' _ connectors and parts plus a 


1760 EASTON AVENUE, SOMERSET, NJ 08873 • (201)469-4599 


FIND AEA 

AT 


Bzzzt. Snap, the linear's on. I 
pause a moment as I back down the 
exciter drive level control. Ahh, no 
one else seems to be calling, as I yank 
the VFO dead on him. I start calling 
him and quickly bring the drive up as I 
go. I can't believe it; this is all hap¬ 
pening so fast I haven't even had time 
to get excited or get butterflies yet. 
"LU3ZY DE W9KNI W9KNI AR K." I 
open the receiver without yet having 
to touch the receiver dial from where 
I left it last night. 

Huh! There are two signals calling 
me! Hah I Yes, one is the LU3ZY sta¬ 
tion. OK, the other's an LU2. Guess 
he thought I was signing from a CQ. I 
ignore him. 

"KNI DE LU3ZY R GE OC ES TNX 
QSO UR RST 589 589 NAME HR 
ISIDRO ISIDRO QSL VIA LU2CN 
LU2CN HW CPY W9KNI DE LU3ZY 
KN." 

How sweet it is! "R LU3ZY DE 
W9KNI FB DR ISIDRO ES TNX NEW 
COUNTRY RST 579 579 HR NR 
CHICAGO NR CHICAGO ES NAME 
BOB BOB QSL SURE LU2CN OK? 
LU3ZYDEW9KNI AR." 

"R FB BOB QSL SURE ES GLD BE 
NEW FOR U 73 ES GOOD DX W9KNI 
DE LU3ZY SK QRZ? K." 

As he starts the QRZ, I shove the 
headset back, grab the telephone, 
and start punching digits. Let's see. 
It's almost 7 PM out there on the 
Coast; Glenn should be home by 
now. The phone rings, but no 
answer. I pull the headphone jack out 
to activate the speaker, and desper¬ 
ately start dialing again. 

But wait! ''HOW CPY? K6NA DE 
LU3ZY AR KN." Hah! No wonder the 
phone went unanswered. 

"OK GLENN TNX QSO MUST 
QRT FOR DUTY 73 ES GL K6NA DE 
LU3ZYSKCLEE." 

I keep listening. Sure enough, a 
couple of stations are calling, but I 
know how well that is going to work 
out. I swing the antenna around to 
the west. "K6NA UP 2 DE W9KNI." 
Glenn responds with a brief "R" and 
we go up for a very happy ragchew. 

ham radio 
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squirrel-cage motors 
make field-day power 
supplies 

One of the perrenial deterrents to 
portable and field Amateur Radio 
operation is the cost of a suitable 
energy source. Small gasoline en¬ 
gines can be had quite reasonably 
priced from lawnmower shops and 
Goodwill as-is stores, to name but 
two of many sources, but generators 
that produce 115 volts at 60 Hz are a 
scarce and expensive commodity■ Or 
are they? 

Used washing-machine and dryer 
motors are easy to come by. Good¬ 
will, Salvation Army, and other used- 
merchandise stores, or scrap-yards, 
sell such motors for from $2 to $5; 
most often you have to take the 
washing machine and do the salvag¬ 
ing yourself. Motors? But it's an alter¬ 
nator we need for the field power 
unit, not an electric motor! 

the motor as 
a generator 

Fractional and multi-horsepower 
motors operate quite well as ac gen¬ 
erators. Coupled to a suitable gaso¬ 
line engine and driven at approxi¬ 
mately the same speed at which they 
run as a motor, they will deliver alter¬ 
nating current power almost as well 
as an alternator designed for the job, 
and without any rewinding whatso¬ 
ever. All that is needed is a little 
know-how and a willingness to tink¬ 
er, plus a careful curbing of the stan¬ 
dard ham tendency to overload 
equipment. 

Washing-machine motors are gen¬ 
erally rated at 1/4 to 1/3 hp and an 


occasional one may be found at 1/2 
hp. These are supplied with resis¬ 
tance-starting, phase-splitting wind¬ 
ings. Fig. 1 shows a typical example. 


Dryer motors are rated from 1/6 to 
1/3 hp, and are as likely as not to be 
capacitor split-phased, sometimes 
just for starting, but occasionally for 
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unning as well. The key to coaxing a 
iquirrel-cage motor (virtually all large- 
ippliance, fractional-hp motors are 
his type) to perform as an alternator 
s in the use of capacitance to supply 
i field voltage. 

split-phase-start 

motor 

Without going too deeply into 
notor theory, a capacitor placed 
across the power leads of a motor 
:reates a split-phase condition in the 
notor windings, which produces a 
esonance between the inductance of 
:he winding and the induced current 
n the rotating squirrel-cage arma- 
•ure. Within certain power limits, the 
notor will perform as an alternator. 
Because such motors are "induction" 
notors with a 5 per cent slippage fac- 
:or, the squirrel-cage must rotate 
about 5 per cent faster than syn¬ 
chronous speed to produce 60 Hz: a 
notor rated at 1750 RPM would have 
:o be turned at 1890 RPM to obtain 60 
Hz (synchronous speed: 1800 plus 5 
aer cent). 

Sometimes such a motor used as a 
cower source will start to deliver cur- 
ent by itself as it comes up to speed, 
frequently, however, it is necessary 
:o supply a momentary dc pulse to 
he motor windings to induce mag- 
cetic-field poles into the soft-iron ar- 
nature. This pulse may be applied 
aither before starting the engine, or 
after the motor has come up to 
speed. If the latter, it is obvious that 
he pulse should be just that — a 
lulse, because the dc source be¬ 
comes a short circuit to the alternator 
autput the moment power generation 
aegins. 

Such an alternator will not produce 
is much power as the labeled motor 
ating, for two or more reasons: effi¬ 
ciency losses, power-factor losses, 
ind perversity. The latter, which 
seems somewhat facetious, will be 
bund to hold quite true in practice. 

:apacitor-run motor 

A split-phase, capacitor-run motor 
will not need an additional capacitor 
fig. 2). It is ready to operate as an al- 
:ernator with only the occasional 


need for a momentary dc starting 
pulse. A resistance-start, split-phase 
motor will require from 8 to 100 piF 
across the power terminals; final size 
to be determined by cut-and-try. 
Ac-rated electrolytic capacitors 
should be used, obtainable from 
motor-rewinding shops, although 
standard dc electrolytics may be used 
by connecting them in series, back- 
to-back. Choose at least 300-volt 
ratings, as electrolytics must be de¬ 
rated for use in power ac circuits. The 
capacitance of a back-to-back combi¬ 
nation is the capacitance of one — 
they are not additive or subtractive in 
this circuit. The momentary starting 
pulse may be applied through a sim¬ 
ple touch-switch circuit from a 12- 
volt automobile battery. 

three-phase machines 

Larger squirrel-cage motors are 
sometimes available from discarded 
power-shop equipment. Table saws, 
planes, and sanders use motors rated 
from 3/4 to 2 hp, usually capacitor- 
run variety. Even larger motors are 
used for water pumping and many in¬ 
dustrial demands, but usually are 


three-phase types (figs. 3 and 4). 
These are equally useful as alterna¬ 
tors, but the output is three phase, al¬ 
though single phase across any two 
legs (except when four wires — see 
fig. 4). The voltage, however, is 
usually either 208 or 220 volts across 
each leg. When used as an alternator, 
it is necessary to parallel only one leg 
of the three with a capacitor. 

It is almost impossible to burn out a 
squirrel-cage motor operating as an 
alternator. An overload will null the 
rotating field, and the alternator will 
simply cease to generate. Generation 
can be started again by a pulse of dc 
across the output leads. It may there¬ 
fore be advisable to breadboard a 
power supply before building it into a 
fancy metal frame, to make sure that 
the motor (alternator) is large enough 
to supply the rig plus a small-wattage 
bulb for nighttime log-keeping or 
whatever. For test, parallel a number 
of bulb sockets and screw in one bulb 
at a time. Add to the load until the al¬ 
ternator suddenly ceases to function. 
The sum of the bulb wattages is your 
absolute top output power. 

Walt Boyd, K6DZY 
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CALL 

TOLL 

FREE 

For the best deal on 

•AEA»Alliance»Ameco»Apple«ASP 

• A»anli»Belden*Bencher*Bird»CDE 
•CES*Communicalions Specialists 
•Collin*«Cushcraft*Daiwa«OenTron 
•Orake«Husller«Hy Gain«lcom»IRl»KLM 

• Kenwood*Larsen*Macrotronics»MFJ 

• Midland*Mini Products-Mirage-Mosley 

• NPONewtronics«Nye« Panasonic 

• Palomar Engineers«Regency»Bobot 
•Shure«Standard*Swan»Tempo 
•Ten Tec»Transcom»Yaesu 

Hot Buys 
for August! 

ICOM IC-720A all-band Xcvr... 

Now in stock!_$1299 

TENTEC ARGOSY all-band HF 

Xcvr, only_$495.95 

ICOM IC-2A Hand Held... 

Limited special_$219.50 

IC-2AT with pad—$249.50 
MIRAGE B-23 2-meter 2/30 W 

FM/SSB linear_$79.95 

APPLE Disk Based System: 
Apple II or II Plus with 48k 
RAM installed, Disk II with 
controller, DOS 3.3 _$1869 
APPLE Game Paddles available 
I Quantities limited... all prices subject to 
| change without notice 

We always have an excellent 
assortment of fine used equip¬ 
ment in stock... Come in or call 

Erickson is accepting late model 
amateur radio equipment for service: 
full time technician on duty 

CALL TOLL FREE 

(outside Illinois only) 

(800) 621-5802 

HOUR S: 9:30-5:30 Mon., Tues., Wed. * Fri. 
!■■■) 9:30-9:00 Thursday AS 

I—I 9:00-3:00 Saturday_ § 9 


ERICKSON 

COMMUNICATIONS 

Chicago. IL 60630 

5496 North Milwaukee Ave. 
1312) 631-5181 no,si 



products 


The Gunnplexer 
Cookbook 

"I have tried to present the sub¬ 
jects in such a way that an isolated 
VHF/UHF enthusiast, working with¬ 
out help, can build these modules." 

With this basic premise in mind. 
Bob Richardson, W4UCH, set about 
the task of writing the Gunnplexer 
Cookbook. Starting with basic micro- 
wave theory and Microwave Asso¬ 
ciate's Gunnplexer transceiver, 
author Richardson describes, in 16 
chapters, how to put a functioning 
Gunnplexer system into operation. 

Chapters include: Frequency and 
Power Measurements; Power Sup¬ 
plies; Proportional Temperature Con¬ 
trol; l-f Amplifiers; Antennas; Televi¬ 
sion and Computer Data Links; and 
much more. 

The Gunnplexer Cookbook has 
been written for the Radio Amateur 
or electronics student who has at 
least modest experience assembling 
VHF converter or receiver kits. The 
only test equipment required is a grid- 
dip meter, VTVM or multimeter, a 
standard broadcast fm receiver, an 
ordinary TV set, and a good-quality 
high-frequency communications re¬ 
ceiver that covers 500 kHz to 30 MHz. 

This book is a basic primer for 
those interested in exploring the fas¬ 
cinating world of 10 GHz. Author 
Richardson writes in an easy-going 
style that gives you the impression 
that he's looking over your shoulder 
as you build the Gunnplexer system, 
from the first building blocks to the 
finished station. The book is profuse¬ 
ly illustrated with clear, sharp photos 
and construction drawings — every¬ 
thing is here to get you on the Ama¬ 
teur 10-GHz band. It's a must for 
those who want to explore something 
more than the "dc bands." 


The Gunnplexer Cookbook, 16 
chapters, 335 pages, softbound. Pub¬ 
lished by The Ham Radio Publishing 
Group, Greenville, New Hampshire 
03048. Price: $9.95 plus $1.00 ship¬ 
ping and handling. 

double zepp antenna 

In an unprecedented move, Telex 
Communications, Inc., has an¬ 
nounced that its Hy-Gain division will 
guarantee the new 2-meter V-2 Ama¬ 
teur antenna to "equal or surpass the 
electrical performance of any compet¬ 
itive two stacked 5/8-wave antenna, 
regardless of gain claims, or your 
money back." If not satisfied, the 
purchaser is required to return the an¬ 
tenna to the place of purchase within 
30 days. 

The antenna is a 2-meter extended 
double zepp vertical consisting of two 
stacked 5/8 waves decoupled inside 
the antenna for complete weather¬ 
proofing. The decoupling system 
allows no rf on the coax feedline. The 
V-2 is a complete antenna that is easy 
to assemble and will mount on any 
mast up to 2 inches (50.8 mm) in 
diameter. 

Two sets of 1/4-wave radials and a 
centered feedpoint produce an excel¬ 
lent radiation pattern that is very 
close to the horizon with a minimum 
of power loss into the sky. Radiation 
pattern testing was achieved on a 
ground-reflection range designed ac¬ 
cording to IEEE standard 149-1979, 
and the test results of the V-2 and 
various competitive products are 
available from Telex/ Hy-Gain. 

The V-2 is designed to operate 
from 138 MHz through 174 MHz and 
obtains a VSWR of less than 1.5:1 at 
resonance; it has a 2:1 VSWR band¬ 
width of at least 7 MHz. The anten¬ 
na's isolation from the supporting 
mast is 20 dB minimum. 

For further information write Telex 
Communications, Inc., 9600 Aldrich 
Ave. South, Minneapolis, Minnesota 
55420. 
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Alaska Microwave Labs 

4335 E. SrrH STREET - OEPT. MM 
ANCHORAGE, ALASKA 99504 


TRANSISTORS 



| FEED-THRU CAPACITORS 

^UA^G^^^OSFETnhl 


BUYSELL-TRADE SendSI.OO lor catalog Give name ad- 
new and reconditioned amateur radio equipment. Call 

Associated Radio. 0012 Conser. Overland Park. KS 
66204.(913)381-5900. 

Coming Events 

ACTIVITIES 

“Places to go...” 

ALABAMA: The Central Alabama Amateur Radio 
Association's 4th Annual Hamlest, Sunday, September 

sion: tree parklno. Alr-condltioned Flea Market. Set up 
0600. Doors open Irom 0800-1500. Prize drawing 1400 
COST. Restaurants and motels within walking distance 

I46.04f.64 or 14652/S For information or reservations: 
36109° S ' Comm " ,ee ' 8011 3 ' 41, Mon, 0 omer V- AL 

ALABAMA: The Huntsville Hamlest (lormerly the Nodh 
Alabama Hamlest). Saturday and Sunday, August IS and 
16. Von Braun Civic Center, Huntsville. Free admission. 

market and ladles' activities. Flea market tables 
S3.00/day. Family tours ol the Alabama Space 0. Rocket 
Center available. Limited camp sites with hookups. Talk 
In on 3.965 and 34/94. For Interrelation; Huntsville Ham- 
lesl. PO Box 4563. Huntsville. AL 35802. 


GEM-QUAD FIBRE-GLASS 

I ANTENNA FOR 10. 15. and 20 METER5] 


Two Elements $182.00 
Extra Elements $130.00 
Price is F.O.B. Transcona 
INCLUDES U.S. Customs 
Duty 

K kit complete with 

"SPIDER 

•ARMS 

•WIRE 

•BALUN KIT 
•BOOM WHERE 
NEEDED 

WINNER OF MANITOBA 
DESICN INSTITUTE 
AWARD OF EXCELLENCE 
Buy two elements now — a third and 
fourth may he added later with little 
effort. 

Enjoy up to ti dh forward gain on DX, 
with a 25 dl> hack to front ratio and 
excellent side discrimination. 

Cet maximum structural strength with 
low weight, using our "Tridetic" 
arms. Please inquire directly to: 

GEM QUAD PRODUCTS LTD. 

Box 53 

Transcona Manitoba 
Canada R2C 2Z5 
Tel. (204) 866-3338 



































nnnnM HZ microwave 
UU UU DOWNCONVERTERS 

DOWNCONVERTERS I 1^===^ 


ASSEMBLED 

2300 MHZ PREAMPS 

PREAMP #1 


SUPER AMP (Commercial Qualityl 


ASSEMBLED 

POWER SUPPLY KIT* 



_ SLOTTED ARRAY ANTENNA Jb uu 

ALSO AVAILABLE: COMMERCIAL SYSTEMS, 

BOGNER ANTENNAS, PARABOLIC ANTENNAS, 
MICROWAVE PARTS AND SATELLITE T. V. KITS 

I P.B. Radio Service I 

1950 EL Park Row • Arlington, TX 76010 | 

| Call Order Dept Toll Free ^5^ Forlnformation Call 

,1-800-433-5169 1-817-460-70711 


MSB-1 AUDIO FILTER 


SSB/CW/RTTY 

$84.95 


QoOQpl 




Specialists in Amateur Radio, 
S, Short-Wave Listening 
And Contemporary 

LOSED . _ 

Sundays, Electronic Gear. 


More Details? CHECK-OFF Page 94 
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SALE 




□ For Home TV. Ham Radio and CB 

□ Up to 18 sq. ft. antenna capacity. 

□ Available to 64' in 8' sections. 

□ All riveted construction — 
no welds. 

□ Beaded channel leg for added 
strength. 

□ All steel — galvanized for added 
life. 

□ Can be used with Concrete Base 
Stubs. Cylinder Base or Hinged 
Concrete Base, 


INVENTORY OVERSTOCK. 
OUR LOSS WILL BE YOUR 
GAIN...ORDER TODAY. 
QUANTITIES LIMITED. 

High Quality Cassette Tapes 
Novice ISwpm 

Swpm 17wpm 

7 wpm 20 wpm 

lOwpm 22 wpm 

13 wpm 25 wpm 

35 wpm 
Reg. $3.95 ea. 

NOW JUST 

$1.50 ea.. 3 for $3.50 
Get 'em all 
for $14.95 

A S43.45 value 

Please add SI per order for shipping 

HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 


K. & S. Enterprises 

P.O. Box 741. Mansfield. MA 02048 


CENTRAL NEW YORK’S MOST COMPLETE H 


Featuring Kenwood, Yaesu, loom, Drake, Ten-Tec, Swan. Dentron. Alpha, Robot. 
MFJ, Tempo. Astron, KLM. Hy Gain, Mosley, Larsen, Cushcraft. Hustler, Mini 
Products, Bird, Mirage, Vibroplex, Bencher, Inlo-Tech, Universal Towers. 
Cal I boo k, ARRL. Astatic, Shure. We service everything we sell! 

#■■]■ Write or call for quote. You Won't Be Disappointed. 

I—( We are just a few minutes off the NYS Thruway (1-90) Exit 32 


More Details? CHECK-OFF Page! 
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We asked for it and we sure got it. We've received a huge response to our survey in the May issue. It was 
designed to find out just who you our readers are, what your Amateur Radio interests are, what you think of the 
job we're doing, and what changes if any you would like to see in the magazine as we continue to work to fine 
tune the combined ham radio / HORIZONS that we put together earlier this year. 

The number of returns and the amount of information we've collected are virtually overwhelming. Not only 
did we get a tremendous response to the questionnaire itself, but we also received a large number of thoughtful 
and very helpful letters from readers who felt that the necessarily limited questions we had asked did not give 
them enough of an opportunity to properly express themselves. We have already put many days of effort into 
trying to reduce this information into a useful and meaningful form. It isn't enough just to come up with the raw 
percentages of answers given to each question. We are putting a good deal of effort into cross-tabulating this 
data in order that we may learn just why those who like what we're doing feel that way, and why those who 
think we're going astray hold their opinion. 

Many of the answers came out much as we had expected. Former HORIZONS readers missed their old 
magazine, but were increasingly satisfied with the changes we have been making, while some former ham radio 
readers lamented the changes to their favorite magazine. At the same time many offered constructive ideas as 
to what they would like to see in the magazine. Perhaps the most exasperating part has been the several 
features which seem to show up at both extremes of reader opinion. One group of readers will list a feature as 
most disliked while a similar sized group think the same item is the best part of the magazine. 

It was very interesting to find out just who our typical readers are. For instance, we learned that engineers and 
technically employed people were the largest single active job category among former HORIZONS readers. We 
expected this from ham radio readers, but it came as quite a surprise to find out that 45 percent of all our readers 
are in that category. 

By now you are probably wondering just how our report card came out. Have we been doing a good job or 
haven't we since combining our two magazines into one publication? Well 56 percent said that they like us as 
much or even better than before, while 44 percent preferred our previous approach, when we were publishing 
two separate magazines. And even among those who preferred our previous approach, very nearly half listed 
the new ham radio as their favorite Amateur Radio publication. These figures represent a great number of loyal 
readers. 

Although not as high as we might like, these numbers do offer us very real encouragement. We're looking 
very carefully at the group who feel the new magazine is not as much to their liking as before and we'll be trying 
to offer a bit more to them while at the same time continuing to appeal to those who say we're doing just fine 

Although we are far from having completely digested all of what you've told us, we are going to begin 
responding to your stated preferences by running a number of articles which will be a bit more in the traditional 
ham radio mold — although whenever possible we will try to edit them so that the reader who is technically less 
sophisticated can also learn a lot from them. Every reasonable effort shall be made to maintain ham radio's pre¬ 
eminent technical reputation, while at the same time we maintain the greater balance we feel we've given to 
ham radio in recent months. 

While we're on the subject of new features, it is with a great deal of pleasure that we direct your attention to a 
new series of license-upgrading articles by Robert L. Shrader, W6BNB, which starts in this issue. He is the 
author of the extremely popular license text Electronic Communication, which is by far the most thorough study 
guide in print for all FCC exams, both Commercial and Amateur. Bob's very complete yet easy to understand 
way of presenting material has led to many, many successful exam papers. His new series here in ham radio will 
add to that reputation I am sure. In fact, even many of you who are not in the process of upgrading will find this 
review of the technical basics valuable. Even our staff has been learning from Bob. 

We've still got quite a way to go in evaluating and learning from the data you’ve given us (in fact we're still 
receiving over 25 replies each week), but when it's all over I think all of us, readers and editors, will find this time 
taken to reflect on where we stand and where we are going to have been very well spent. I'd personally like to 
thank all of you who have helped make this survey so successful. We have what we feel is the best magazine in 
Amateur Radio and we want to do everything we can to strengthen and further solidify that position. 

Skip Tenney, W1NLB 
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us comments 


on-air tune-up 

Dear HR: 

I enjoy Bob Locher's DX stories, 
but he certainly does not set a good 
example for the young aspiring DXer. 
Bob says, " 'OK Jerry, I hear him. 
Thanks a lot.' I move my VFO a cou¬ 
ple of kHz above him and start tun¬ 
ing. The linear plate current, grid cur¬ 
rent, and rf output start climbing as I 
advance the exciter drive control." 

Well, his rig blew — as should all 
who tune up in the band. No, I really 
don't mean that. But I guess Bob has 
never heard of a dummy load! Hey! 
The bands are full of creeps who tune 
their rigs on the bands. I for one am 
persistently plagued by tuner-uppers 
on stations I am working, and it 
seems invariably it's the really weak 
ones too! 

When it comes right down to it, a 
dummy load is so darned easy to 
switch in for tune-up that it really is 
ridiculous not to use one. They are 
cheap too! 

Fred Streib, W6NA 
Palo Alto, California 

Yes, / do tune up on the band, as 
does virtually everyone else. I have a 
dummy load, an excellent one, and / 
can switch it on line in a second or so. 
And, on the frequencies / operate on, 
it is virtually dead flat. 

But my antennas are not! They dis¬ 
play good SWR readings on the fre¬ 
quencies / normally operate on, but 
they are not perfect. Not only that, 
but they change a bit depending on 
the weather conditions. Wind or rain 
will change their characteristics 
slightly. 

So, if / load up into my dummy 
load, / still have to retune once / am 
into a real antenna, or face poor har¬ 
monic rejection from a mistuned 
final, not to mention stress on the 
finals. 


/ do have preset tuning points 
marked on all my gear, and almost in¬ 
variably / can complete a tune-up in 
less than five seconds of key-down 
time on the air. And / always check 
the frequency before / do to insure 
that / cause no intereference. 

"No tune up" would be really nice, 
but in the real world using the equip¬ 
ment most Amateurs use it is impos¬ 
sible, even with solid-state finals 
which often require an antenna tuner 
with them. But, as Mr. Streib sug¬ 
gests, we have an obligation to avoid 
QRMing another QSO. 

Bob Locher, W9KNI 
Deerfield, Illinois 

baluns 

Dear HR: 

I read with interest the fine article 
entitled "A Coreless Baiun" by Roy 
N. Lehner, WA2S0N, in the May, 
1981, issue of ham radio magazine. 

The first reference to this interest¬ 
ing device was in the Collins Radio 
Company's "Single Sideband Man¬ 
ual" (1965). Unfortunately, no con¬ 
struction data was given. I built sev¬ 
eral coaxial baluns and made meas¬ 
urements on them; in the February, 
1966, issue of CQ magazine I gave 
several practical designs in an article 
entitled "A Broadband Baiun for a 
Buck." 

A replica of this design has ap¬ 
peared in each edition of the Radio 
Handbook for 14 years. Additional in¬ 
formation on similar balun designs is 
included in the 21st edition of the 
handbook, which is published by 
Howard W. Sams Co., and available 
through Ham Radio's Bookstore. 

Also discussed in the Radio Hand¬ 
book are the small, air-core baluns 
wound of Formvar or enameled wire. 
Roy, WA2S0N, claims the coaxial 
design is "much better" than the 
enameled wire balun, but this is like 
comparing apples and oranges. Each 
balun design has attributes that the 
other does not possess. 

The enamel wire, air-wound balun 


is more compact than the coaxial de¬ 
sign, weighs less and is not subject to 
coaxial cable "cold flow," wherein 
the center conductor migrates about 
and may short out to the shield — es¬ 
pecially when the cable is wound into 
a small-diameter coil. And when 
properly designed, the enamel-wire 
balun has a somewhat greater fre¬ 
quency range of operation than the 
coaxial balun; that is, it is more 
"transparent" to the antenna system, 
as far as induced SWR goes, than is 
the coaxial design. 

The coaxial cable balun, on the 
other hand, can probably withstand 
more brute power than the wire balun 
because of the higher breakdown 
voltage of the cable. Over the normal 
operating range, at normal ham 
power levels, there isn't much choice 
between the designs except on the 
basis of size or weight. 

So you pays yer money and takes 
yer choice. But don't write off one 
particular balun design as being 
worse than another one. It isn't. 

William I.Orr, W6SAI 

San Carlos, California 

nit-picker 

Dear HR: 

In the May, 1981, edition you have 
an article by John W. Frank, 
WB9TQG. This is a very interesting 
concept and will be of some help to 
the Amateur community. I wish I had 
thought of it. 

But being the nit-picker that I am, I 
couldn't help but notice two errors. 
The first is the use of the symbol K 
(eq. 2). This is usually used to desig¬ 
nate a constant, not a reflection coef¬ 
ficient, which is designated by the 
symbol p. In the interest of clarity, 
the correct symbol should be used. 

Second is the assertion that SWR 
will increase line losses. To examine 
this point let's look at a line of unit 
length with a 3 dB loss per unit 
length. With a generator and load 
matched to this line we find that 
when 100 watts is delivered into this 
line only 50 watts is delivered to the 
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load, the remaining 50 watts being 
"lost" in the line. This confirms the 3- 
dB loss factor. Now then, if we mis¬ 
match the load such that it is infinite 
(or as near as we can get to oo) we 
can make another measurement and 
find that the SWR is very high and 25 
watts now show up on our (direction- 
ally coupled) wattmeter at the gener¬ 
ator end of the line. This tells us that 
at the far end we have lost an addi¬ 
tional 25 watts (that is, 3 dB for the 
return trip). 

This is the argument presented in 
the article, and you can see that the 
line loss factor has remained at 3 dB 
per unit length; it has not changed. 
We can infer from this that the line 
loss is constant and does not change 
with SWR. Any loss in addition to this 
in the load is the result of impedance 
mismatch (although it will be re¬ 
flected to the generator as reactance, 
detuning the output network and 
probably aggravating the "loss" situ¬ 
ation by further complication). 

We may look at this as if the "re¬ 
flected power" is absorbed by the PA 
plate circuit and dissipated there as 
heat, which is what the FCC says, and 
we won't be too far off base. 

Michael D. Smith, WD4KMP 


Just between us nit-pickers, I must 
admit that you are right. However, 
reference 2 used the letter K. The 
Radio Handbook, 21st edition, pre¬ 
sents a different form of my eg. 2 on 
page 25.8 and the reflection coeffi¬ 
cient is again represented by the let¬ 
ter K. 

Regarding the increase in total line 
loss due to standing waves: Accord¬ 
ing to the ARRL Electronics Data 
Book, copyright 1976, page 82, "An 
increase in line loss occurs because of 
SWR." A graph showing additional 
loss caused by SWR is on page 83 of 
this data book. This same information 
is presented in nomograph form in 
Reference Data for Radio Engineers, 
6th edition, page 24-10. 


Proving the existence of the addi¬ 
tional line loss takes about 26 pages 
of higher mathematics; / made the 
assumption that it is common knowl¬ 
edge. 

John W, Frank, WB9TQG 


at a loss 

Dear HR: 

I can't believe it, that what's given 
in fig. 1 ("Measuring Coax Cable 
Loss," May, 1981, page 34) is really 
SWR. How about: 

; + i^ZlL 

\R + z\ 


1 \R + z\ 

Since when is the reflection coeffi¬ 
cient equal to the reflected power/ 
forward power — which the meters 
don't read anyway? 

If the line is (presumably) an open 
circuit it will be difficult to deliver 100 
watts to it — unless it's very lossy. 

I suggest you see the February, 
1981, issue of QST, page 26. It can be 
done this way: 

P,(FWD) - Pj(REFL) - P 2 (FWD) 

= loss 

J.T. Kroenert. KA1PL 
Barrington. Rhode Island 


Yes, Mr. Kroenert, that is SWR. If 
you check reference 1 (listed at the 
end of my article) you will find that 
SWR = R/Z. If you prefer the equa¬ 
tion you refer to in your letter, let R 
equal infinity and 1 equal 50 ohms, 
and the SWR will still be infinite. 

If you read my article carefully, you 
will note that / never said the reflec¬ 
tion coefficient equals reflected 
power/forward power. What / said 
was, "...since SWR is a function of 
forward and reflected power. ..."I did 
not say it was a ratio; / said it was a 
function. 


Your suggestion that loss can be 
measured by noting the difference 
between wattmeter readings at the 
source and at the load will work. 
However it isn't as convenient as my 
method. For example, if / chose to 
use your method, / would have to 
climb my tower and disconnect the 
coax from the antenna. Then, with 
my dummy load up 60 feet in the air, / 
would return to the shack to make 
power measurements. Next, / would 
have to invite another Amateur over 
to the shack. Why do / need another 
Amateur? / need someone to key the 
transmitter while I'm at the top of the 
tower making more power measure¬ 
ments. / said, your method will work 
but mine is more convenient. 

John W. Frank, WB9TQG 


blow your own horn 

Dear HR: 

After reading the Comments in 
ham radio (May, 1981), one might get 
the impression that experts don't 
want too much to do with anyone 
who might be coming up the ladder 
or maybe received his license without 
a complete knowledge of electronics. 

Many permits and licenses are 
issued today with little or no knowl¬ 
edge — namely marriage, hunting, 
and driver’s — at least with a ham 
license you won't kill anyone. 

I am a professional driver and have 
driven tractor trailers, buses, motor 
homes, and cars the equivalent of 
eighty times around the world, but 
this does not mean that a novice 
driver with two hours of instruction 
and practice can't take a 400-horse¬ 
power car on the interstate and do 
battle with the experts. 

So all you super pros in Amateur 
Radio (who I trust are in the minority) 
keep blowing your own horns and 
someday when we meet on the road, 
I'll blow mine. 

Fish Gilpin, KA3DNT 
Greentown, Pennsylvania 
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upgrade your license: 

part 1 


The first article 
in a continuing series 
designed to help you 
upgrade your ticket 

If you are reading this magazine, you probably 
already hold an Amateur Radio Service license of 
some grade. Maybe you are a Novice. More likely 
you are a Technician, General, or better. A good 
theory review now and then is a good idea for all of 
us, Extras included. 

frequencies and types of emission — right? Does it 
bother you that someone else can use them but you 
can't? Well, it was a challenge for all of those Extra¬ 
class hams who are using those frequencies, but 
they did something about it: they upgraded. 



This means that not only did they learn more radio 
theory but they also improved their code sending and 
receiving abilities, which enables them to function 
better in an emergency where phone equipment is 
either not working or unavailable. Maybe they found 
out that code communications is a heck of a lot of 
fun when you get to the point where you can sit back 
and copy in your,head, and not bother to write every¬ 
thing down on ^aper. Really, that transcribing the 
code is for the birdsl We will talk about this later, but 
right now be sure that each day you have at least one 
good QSO on the air using CW, to raise yourself 
above that crawling along at 5 or 13 words per min¬ 
ute (WPM). 

Probably the largest group of readers interested in 
upgrading are in the Technician/General category. 
For this reason, we will first concentrate on upgrad¬ 
ing this group to the Advanced class license. Later 
we will take on the Extra class — so keep working on 
that 20 WPM code speed goal. If you are a Novice (or 
not yet a Novice), you will find that the fundamentals 
we are going to work on first should enable you to 
work up to the Technician/General level. At the be¬ 
ginning of each article we will point out what FCC 
topics are to be discussed in that article. In this 
month's article, the first in the series, you will find 


By Robert Shrader, W6BIMB, 11911 Barnett 
Valley Road, Sebastopol, California 95472 
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basic electrical topics suitable for Novice, Techni¬ 
cian/General, and Advanced license questions. 

The first few articles will lay out the groundwork, 
so that we will all be speaking the same electronic 
language. If we say such things as current, resis¬ 
tance, reactance, or impedance, it should mean the 
same to all of us. Once we all understand the basic 
language we can better discuss the more advanced 
subjects. 

The study of Amateur Radio theory requires some 
knowledge of electricity (volts, ohms, amperes, 
resistors, magnetism, coils, capacitors), electronics 
(diodes, transistors, vacuum tubes), basic circuits 
(oscillators, amplifiers), combinations of circuits 
which we will call systems (receivers, transmitters), 
antennas, FCC rules and regulations, radio telegraph 


code, and proper on-the-air operating procedures. 

The FCC is basing its present license tests on nine 
areas of information: 

a. Rules and Regulations 

b. Operating Procedures 

c. Radio Wave Propagation 

d. Amateur Radio Practice 

e. Electrical Principles 

f. Circuit Components 

g. Practical Circuits 

h. Signals and Emissions 

i. Antennas and Feedlines 


FCC test topics 

The following Novice test topics are discussed in 
this article, but should be understood by Techni¬ 
cian/General and Advanced applicants also: 

• ampere 

• voltage 

• volt 

• conductors and insulators 

• watt 

• energy and power 

• fuses: appearance, applications, symbol 

• open and short circuits 

• direct current 

• alternating current 

• metric prefixes: mega, kilo, centi, milli, micro, pico 

• hertz 

• audiofrequency 

• radio frequency 

The following Technician /General test topics are 
discussed in this article, but should be understood by 
Advanced applicants also: 

• resistance 

• resistors: appearance, types, characteristics, appli¬ 
cations, symbols 


• resistors in series 

• ohm 

• Ohm's law 

• power calculations 

• power measurement 

• electrical power calculations 

• root-mean-square value of a sine-wave alternating 
current 

• inductance 

• inductors: appearance, types, characteristics, ap¬ 
plications and symbols 

• henry, millihenry, microhenry 

• capacitance 

• capacitors: appearance, types, characteristics, ap¬ 
plications, and symbols 

The following Advanced class test topics are dis¬ 
cussed in this article: 

• sine, square, sawtooth waveforms 

• root-mean-square value 

• fields, energy storage, electrostatic, electromag¬ 
netic 

For additional information on these subjects you 
might refer to Electronic Communication, by Robert 
L. Shrader, McGraw-Hill Book Co., both a commer¬ 
cial and Amateur license text, available through Ham 
Radio's Bookstore, Greenville, New Hampshire 
03048 ($26.95plus $1.00shipping). 
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Under these categories the FCC lists many specific 
topics. They do not indicate the questions they will 
ask, only what subjects the questions will cover. 

All of the Amateur license tests contain one or 
more questions on all of the specified areas. For the 
Novice exam the level of knowledge required is 
rather rudimentary. For the Technician/General 
exam you'll need a good basic understanding of 
radio. For the Advanced class license the qualifica¬ 
tions are definitely higher, and some of the questions 
seem to come from out in left field somewhere. As 
for the Extra-class license, well, you are supposed to 
know a lot about a lot of things. A word of warning is 
advisable here. Although they do not say so, the FCC 
tends to reach back down to lower level license top¬ 
ics for some of their test questions. You might find 
some Technician/General questions on Advanced 
license tests. But if you have passed the lower 
license you should not have too much trouble. 

This series of articles will try to cover the whole 
field for you. We are sure that many hams who have 
had a license for several years have managed to 
forget most of the theory that they learned previous¬ 
ly. So, to refresh their memories and to help those of 
you who do not have at least a Technician/General 
license, we will first go over the basic Electrical Prin¬ 
ciples and the Circuit Components, as taken from the 
FCC list above. Other categories of information will 
be covered in later articles. 

There is no way that we can guess what the FCC is 
going to ask you on their present or on future tests. 
But if you have a good, basic understanding of the 
topics in the FCC list, you stand a good chance of 
choosing the correct answer in their multiple-choice 
test questions. Happily, you can miss a few and still 
get your license. After all, a 75 percent grade on a 
test gives you just as valid a license as a 100 percent 
score would. You might feel better if you made the 
100 percent grade, but how many of us are perfect? 

The idea of this series is to put radio theory into 
words you can understand, even if you have little or 
no training in this field. We are not out to produce 
electrical engineers, just knowledgeable Amateur 
Radio operators. If you want more information than 
you find here, there are textbooks that you can read 
once you understand the basic ideas. 

One thing more. You must have a copy of Part 97, 
FCC Rules and Regulations, obtainable from the 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402.* Space 
here is too limited to permit us to repeat all of the in- 


"Also published in The Radio Amateur's License Manual, available from 
Ham Radio's Bookstore, Greenville, NH 03048 ($4,00plus $1.00shipping). 


formation on rules and regulations. Let's get started. 

electrical current 

Every electrical or radio device operates because a 
current of "things" moves through the copper wires 
and the device. The "things" that move are called 
electrons. We probably all know that everything that 
can be seen or felt is made up of atoms, usually in 
chemical combination with other atoms to form 
molecules. An atom consists of a central nucleus, 
which is made up of relatively heavy, zero-charged 
particles called neutrons and positively charged parti¬ 
cles called protons. Essentially, the nucleus of an 
atom is never altered. Nothing we can do, short of 
nuclear fission or fusion, will alter it. 



Surrounding the nucleus, however, are orbiting 
electrons, fig. 1 . The electrons have a negative 
charge and are attracted to the positive charges of 
the nuclear protons. These constantly moving elec¬ 
trons travel in orbits around the nucleus, somewhat 
similarly to the way in which the planets orbit the 
sun. The earth is attracted to the sun by gravitational 
forces; electrons are attracted to the nuclear protons 
by electrostatic (negative to positive) forces. 

The outermost electrons of some atoms are sus¬ 
ceptible to external effects. For example, if a single, 
outer-orbit electron is brought near a higher positive 
charge it may be stolen from its parent atom. This 
leaves the atom minus one electron, and therefore 
with one excessive positive charge in its nucleus. We 
say the atom has been ionized by losing the electron, 
and is now a positive ion. (We may think of this as 
being an electron hole in the ionized atom.) 

In our real world we have dry cells (called batteries 
if two or more are used together) that have the ability 
to chemically separate electrons from atoms and pile 
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the electrons on the negative terminal of the cell, 
leaving the opposite terminal electron-less, or posi¬ 
tively charged. The chemicals can move only a given 
number of electrons across the cell before the elec¬ 
trical difference (electrostatic force) stops any further 
chemical action. In the common dry cell this occurs 
when an electrostatic force of 1.5 volts is across the 
cell. (Voltage is disussed in the next section.) 

If we connect a flashlight lamp across the dry cell, 
using three pieces of copper wire and a switch, a 
simple electric circuit is formed, fig. 2. (Copper is 
used as connecting wire because it has one free, or 
easily moved, electron in its outermost orbit.) When 
the switch is closed, the excess electrons on the 
negative pole of the dry cell have a chance to move 
to the positive pole through the lamp and circuit. As 
a result, a current of electrons develops throughout 
the circuit. The copper wires allow the current to 
flow with almost no opposition, but the lamp's fila¬ 



ment, made of tungsten or some other metallic wire, 
has fewer free electrons and tends to oppose the 
flow of the electron current. Because of this frictional 
opposition, energy is lost in the filament wire and it 
heats. Tungsten can be heated to a red, orange and 
even to a white-hot temperature without melting. 
Thus, while the copper connecting wires may heat 
slightly or not at all, the lamp filament heats white 
hot and light is radiated from it. When the switch is 
opened the current stops; the filament cools and it 
no longer radiates heat or light. 

In the dry cell, when electrons begin to enter the 
positive terminal, the electrical difference across the 
cell becomes less and the chemicals start working 
again, pumping more electrons to the negative pole 
from the positive. When the chemicals can no longer 
continue to move electrons across the cell, the cell is 
discharged, or dead. The cell converts chemical 
energy to electrical, and the lamp, or "load" on the 
circuit, converts the electrical energy to radiant (heat 
and light) energy. 

An interesting sidelight to the subject of current is 



fig. 3. Adding a plate in a lamp produces a diode, or 
two-eiement control device. 


its direction of flow in a circuit. You can see that 
electrons must travel from the negative terminal of 
the source (the cell) through the outside circuit (the 
lamp or load), being attracted to the positive ter¬ 
minal. Back in the early days when electricity was 
first being investigated, cells were labeled positive 
and negative the same as today. It was only natural 
to assume that if something was traveling in the 
wires of electric circuits that it must travel from the 
terminal that had the most (positive) to the one that 
had the least (negative). So they said that current 
flowed from + to -, and they wrote all the text¬ 
books that way. 

In the early 1900s, when vacuum tubes were first 
being developed, it was found that hot filaments boiled 
free electrons off of their surfaces. A metal plate was 
put inside the vacuum area of a lamp; the plate could 
be made positive by connecting it to the positive ter¬ 
minal of a battery, provided the filament was con¬ 
nected to the negative terminal. A current could now 
flow through the plate circuit whenever the filament 
was hot, fig. 3. This proved that electric current 
actually flowed from the negative terminal of a 
source through the circuit to the positive terminal. 
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Well, that wasn't the way the textbooks said it was. 
Since nobody wanted to rock the boat, they just con¬ 
tinued to teach that current flows from + to - , and 
the heck with the electrons! So, now we have two 
theories of current flow, one the original, "conven¬ 
tional'' + to - theory, the other the electron theory. 
You will notice that all of the symbols on solid-state 
diodes, transistors, and so forth, fig. 4, have their 
arrows indicating current flowing in the conventional 
current direction. So, remember that symbols show 
conventional current direction, not the electron 
theory direction. 

In fig. 5 we have added a lamp as the load in the 
fig. 2 circuit and substituted the correct symbol for a 
vacuum diode (two-element device). We have also 
added an ammeter in series with the lamp and the 
plate circuit B-battery. The ammeter measures the 
value of the current flowing through it, and therefore 
the current in the plate circuit. It is called an ammeter 
because current is measured in amperes, A. An 
ampere of current is considered to be 6.25x10 18 
electrons flowing past a point in a circuit in 1 second. 
Remember that 10 18 means that you move the deci¬ 
mal place of the 6.25 over 18 places to the right (if the 
exponent were negative, 10~ 18 , you would move the 
decimal point 18 places to the left). That makes the 
number of electrons 6,250,000,000,000,000,000. 
From this you might deduce that an electron is a 
pretty small thing, and you would be right. A group 
of 6.25 x 10 18 electrons is known as a coulomb (C), 
which is the basic unit of electric quantity (Q). 

In modern radio we may more often measure cur¬ 
rent in thousandths of an ampere, called milliam- 
peres, or mA. A microampere, orfiA, is a millionth of 
an ampere. A billionth of an ampere is called a nano¬ 
ampere, or nA. 

The metric based prefixes used with electrical units 
of measurement are listed in table 1. You should 
know these. 


table 1. Metric-based prefixes. 


Pico (p, or nn) 
Nanoln.ornyi) 
Micro (p) 

Mill! (m) 

Cent! (cl 
Deci (d) 

No prefix 
Deka (dal 
Hecto (h) 

Mega (M) 

Giga (G, or kM) 
Tera (T) 


= trillionth of 
= billionth of 
= millionth of 
= thousandth of 
= hundredth of 
= tenth of 

= hundred times 
= thousand times 
= million times 
= billion times 


= 10- 12 times 
= 10-9 times 


= 10-3times 
= 10-2 times 
= 10-'times 
= 100 = 1 
= 10 times 
= Uptimes 
= 103 times 
= 10 6 times 
= 10 9 times 
= 10“ times 


voltage, resistance, 
and Ohm's law 

The pressure exerted on electrons by chemical 
action in a dry cell has been explained as producing a 
moving force that makes electrons flow in a circuit. 
This pressure is known as electromotive force, or 
EMF, and is symbolized as E or e. Since it is measured 
in units called volts, it is also known as voltage, 
which is symbolized as V or v. 

The opposition that the lamp filament had to the 
flow of electrons or current is properly known as 
resistance, symbolized as R. Resistance is measured 
in units called ohms, symbolized as fi (the Greek let¬ 
ter omega). 

One of the most important formulas for computing 
electrical circuit operation is Ohm's law, which sim¬ 
ply states that if 1 volt of pressure is applied across 1 
ohm of resistance, the resulting current value will be 
1 ampere. Ohm’s law is usually written as: 

/ = and from this E = IR and R = -j- 

where 1 = intensity of current in amperes 
(amps for short) 

R = resistance in ohms 
E = EMF in volts 

Note that you cannot use milliamperes in this for¬ 
mula. The milliamperes must be converted to the 
basic unit of amperes before it will work in the for¬ 
mula. 

Here is an example of the use of Ohm's law: If the 
dry cell in fig. 2 has an EMF of 1.5 volts and the 
lamp's filament has 30 ohms resistance, then the cur¬ 
rent flowing must be: 

1 = ~R = *30 = 005am P s 

A value of 0.05 amps might also be expressed as 
50 mA, or 50,000 pA, and even 50,000,000 nA. We 
will be using Ohm's law again and again. Be sure you 
know the formula. 

The resistance of the tungsten filament in the lamp 
is not constant: the resistance varies directly with its 
temperature. The filament, when hot and glowing, 
will have a resistance many times its resistance when 
cold. Electronic components known as resistors, 
however, are made of substances that maintain their 
constant resistance whether operated cool or warm. 
Such substances are said to have a zero temperature 
coefficient of resistance. Tungsten has a positive 
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temperature coefficient. In fact, most metals have 
positive temperature coefficients; carbon and other 
semiconductors have negative temperature coeffi¬ 
cients. Thus, fixed-value resistors are usually made 
of both carbon and metals to produce the desired 
resistance as well as a nearly zero temperature coeffi¬ 
cient. 

Fixed-value resistors are usually constructed in 
tubular form with connecting wires out each end. 
They may range in length and diameter from perhaps 
0.25x0.1 inch (7x2 mm) for the smaller sizes (0.1- 
watt, as discussed in the next section) to about 
0.7x0.3 inch (17x8 mm) for medium sizes (2-watt 
types). Wire-wound types may be up to several 
inches long and an inch in diameter. There are all 
manner of intermediate sizes and wattages for fixed 
resistors. They are usually covered with an insulating 
(nonconducting) material. 

There are variable resistors which consist of a con¬ 
tact arm that can be moved across an uninsulated 
resistance. If the variable resistor has a movable arm 
and only one end of the resistor is used, the device 
can be called a rheostat, fig. 6. If connections are 
made to both ends and the sliding arm, the device is 
known as a potentiometer. Potentiometers are used 
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fig. 7. Circuit to be investigated for currents, voltages, 
and powers. 


as voltage dividers in most applications, such as vol¬ 
ume or gain controls on amplifiers or receivers. 

power and energy 

The term watt was used in conjunction with resis¬ 
tors. Watts of power indicate the energy that a resis¬ 
tor can safely dissipate without overheating. To 
determine power in watts we normally use the for¬ 
mula: 

P = El 

where P = power in watts (W) 

E = EMF in volts 
/ = intensity of current in amps 

As an example, consider fig. 2 again. If the voltage 
of the dry cell is 1.5 volts and the current through the 
lamp is 0.05 amps, the rate at which energy is being 
dissipated by the filament is P = El, or 1.5 (0.05), or 
0.075 watt. Note that we say the rate (which involves 
time, t) at which energy is being dissipated. This is 
because a watt is a volt times an ampere (P = El), 
and an ampere is a coulomb-per-second (C/s, or 
Q/t). 

If we remove the time (second) from a power com¬ 
putation we are left with pure energy. Thus, energy 
can be expressed as 

El 

energy = - 

which divides the time out of the right-hand part of 
the equation. If an ampere is a coulomb-per-second, 
and the second is cancelled, then energy must be 
equal to EQ (volt-coulombs). A volt-coulomb is com¬ 
monly termed a joule, or a watt-second. (In the watt- 
second the second is added to cancel out the time in 
the watt.) Remember that energy is timeless and 
power is a rate. 

Let's see how many things we can determine from 
the circuit shown in fig. 7. First, there are three new 
components shown, a fuse, a voltmeter (V) across 


September 1981 QB 17 





"UPGRADE” 


the circuit, arid a wattmeter (W) in "series" with the 
circuit and also across or in "parallel" with the cir¬ 
cuit. The 1-amp fuse has a wire inside it which will 
melt if more than an ampere flows through it. The 
voltmeter is across the source of voltage as soon as 
the switch is closed. It indicates the EMF of the 
source in volts. The wattmeter must consider both 
voltage and current at the same time (P = El). It 
must be connected in series with the circuit to obtain 
the current value, and across the circuit to determine 
the voltage value. It considers both of these factors 
and indicates the product of the two in watts. Also, 
we have two load resistors connected in series across 
the source. The total resistance the source sees is 5 
ohms + 15 ohms = 20 ohms. 

When the switch is closed, the voltmeter reads 10 
volts. The ammeter reads / = E/R, or 10/20, or 0.5 
amp. The wattmeter reads P = El or 10(0.5), or 5 
watts. Assuming the meters require almost no power 
to operate them, every second the source would be 
delivering 5 joules of energy to the two resistors. 
Between the two resistors, 5 watts are being dissi¬ 
pated. But, how much does each resistor dissipate? 
Let's apply what we have been discussing so far. 

We know that the current through the two resis¬ 
tors is 0.5 amp, and since they are in series, Rj must 
have 0.5 amp flowing through it, the same as R 2 has. 
Therefore the voltage drop across Ri must be 
E = IR, or 0.5(5), or 2.5 volts. With 2.5 volts across 
Ri and 0.5 amp flowing through it, the power being 
dissipated must be P = El, or 2.5(0.5), or 1.25 
watts. What would a voltmeter read if it were con¬ 
nected across Rj? If across R 2 1 How much power is 
being dissipated by R 2 ? You have all the information 
needed to compute this. Before reading on, try 
answering these three questions. (There are at least 
two ways of finding two of the answers.) 

A voltmeter would read a 2.5-volt voltage drop 
across Rj. If there is a voltage drop of 2.5 volts 
across Ri and the source is 10 volts, then there must 
be the difference, or 7.5 volts across R 2 , right? You 
can also compute the R 2 voltage drop by E = Ir 2 R 2 , 
or 0.5(15), or 7.5 volts. If the total power being dissi¬ 
pated is 5 watts and Rj is dissipating 1.25 watts, then 
R 2 must be dissipating the difference, or 3.75 watts. 
You could also compute the R 2 power by P = El, or 
7.510.5), or 3.75 watts. 

Suppose R 2 were shorted out (copper wire con¬ 
nected across it). Why would all of the meters read 
zero after the switch is closed for a second? The 
answer is that the 1-amp fuse would blow out, but 
why? According to Ohm's law, the current flow in 
the circuit would be 1 = E/R, or 10/5, or 2 amps. 
Since the fuse is rated 1-amp it would melt when fed 


a 2-amp current. This would produce an open fuse, 
and an open circuit, even with the switch closed. The 
fuse is a protective device. Magnetic or other types 
of circuit breakers could be used in place of the fuse, 
and could be reset after the short-circuit is removed 
from the circuit. The usual radio fuse is to be a glass 
or other insulation material with metal caps at the 
ends and a fuse wire running down the center of the 
tube. 

We might consider the power formula, P = El, as 
being the fundamental way of determining power. 
However, by substituting the Ohm's law formulas in¬ 
to this power formula we come up with two other 
equally important power formulas. Consider using 
the IR portion of the Ohm's law formula E = IR in 
place of the E in the P = El power formula: 

P = El becomes (IR)l, or P = I*R 

Similarly, by substituting the E/R part of the 
I = E/R Ohm's law formula for the I in the power 
formula: 

P = El becomes E(E/R), or P = ~ 

So, if you remember E = IR and P = El, by a lit¬ 
tle algebraic manipulation of the letters of the two 
formulas you can come up with six very useful for¬ 
mulas. 

Refer back to fig. 7 again. Try using the P = I 2 R 
and the P = E 2 /R formulas to determine the dissipa¬ 
tion of Ri and R 2 . You should obtain the same 
answers as were computed above. Come on now, try 
at least a couple of formulas on R, or R 2 \ 

alternating current 

Up to this point the current that has been flowing 
in our circuits is known as direct current, or dc. 
When it flows it always moves in the same direction 
(- to + for electron current), and at the same 
strength or amplitude. If a variable resistor is added 
in series with a dc circuit the current varies as the 
resistance value changes. This produces varying dc, 
or VDC. In radio circuits all power supplies produce 
dc. When this dc is fed to amplifiers or oscillators 
these circuits usually change the dc to VDC, or if the 
current drops down to zero periodically, it becomes 
pulsating dc, or PDC. The graphs of fig. 8 illustrate 
dc, VDC, and PDC, in which the amplitude of the cur¬ 
rent or voltage is plotted (vertically) against time 
(horizontally). In (a), once the current or voltage 
starts it continues at the same amplitude. We some¬ 
times call this smooth dc. In (b) the current or volt¬ 
age varies periodically higher and lower. In (c) the 
current or voltage actually stops periodically, making 
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tenth of a degree for the first 90 degrees. The sec¬ 


pulses of dc. The pulses may be smooth-curve 
shaped, square-wave shaped, or saw-tooth shaped, 
depending on what is producing the pulsations. 

Most radio circuits deal with dc (either VDC or 
PDC) and alternating current, or ac. Alternating cur¬ 
rent is produced by sources which have their EMF 
alternating from one direction to the opposite for 
some reason. For example, a transistorized oscillator 
circuit produces an output with an ac component as 
a result of the dc fed to it from its power supply. Any 
load on the oscillator will have current flowing 
through it in one direction for a fraction of a second, 
and then the current alternates and flows through 
the circuit in the opposite before alternating again. 
The current continues to alternate as long as power 
is fed to the oscillator circuit. Ac can be graphed as in 
fig. 9. In (a) two cycles of sinusoidal, or sine-wave¬ 
shaped, ac are shown. In (b) two cycles of square- 
wave ac are graphed, and in (c) two cycles of saw¬ 
tooth ac are shown. The ac that we will be most in¬ 
terested in at this time is sine-wave ac. This is the 
form taken by ac generated from radio oscillators, 
transmitters, by utility companies, and by electro¬ 
mechanical ac generators which are properly termed 
alternators. 

In ac work a full cycle is considered as having 360 
degrees. Therefore a half cycle will consist of 180 
degrees, and a quarter cycle will have only 90 
degrees, fig. 10. If the ac cycle is a perfect sine- 
wave, at 30 degrees (also 150, 210, and 330 degrees) 
the amplitude of the voltage or current will be exactly 
0.5 of the maximum value. At 60 degrees (also 120, 
240, and 300 degrees) the amplitude of the wave will 
be exactly 0.866 of the maximum, or peak value. You 
will find these 0.5 and 0.866 values in a Table of 
Natural Trigonometric Functions, or on a slide rule, 
or they may be obtained from more advanced pocket 
calculators. You can find sine values given for every 



ond, third, and fourth 90-degree quadrants will have 
the same values as the first 90 degrees. 

If all of the sine values for each degree of the first 
90 degrees are added and this total is divided by 90, 
the average value of the sine-wave would result. For 
sine-wave ac this will always be 0.636 of the peak 
value. Can you see that the average value of a 
square-wave ac would have to be 1.0 or equal to the 
peak value? The average value is usually considered 
only in power supplies and in meters. 

A much more important value is the root-mean- 
square, RMS, or effective value. The RMS comes 
from taking the square root of the average (mean) of 
the squares of the sine values for each of the first 90 
degrees of the sine curve. This results in a factor of 
0.707 of the peak value for sine-wave ac. This 0.707 
factor is very interesting because it represents the 
equivalent dc voltage that would be needed to pro¬ 
duce the same amount of heating in a resistor as it 
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fig. 9. (A) Two cycles of sinusoidal ac. IB) Two cycles of 
square-wave ac. (C) Two cycles of sawtooth-wave ac. 
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fig. 11. Magnetic field surrounds 


current-carrying 


table 2. Frequency bands 


audiofrequencies 15 Hz to 20 kHz (kc) 

power frequencies 50, 60, and 400 Hz (cps) 


electromagnetic radiation (EMR) 


extremely low frequencies (ELF) 
super-low frequencies (SLF) 
very-low frequencies (VLF) 
low frequencies ILF) 
medium frequencies (MF) 
high frequencies (HF) 
very-high frequencies (VHF) 
ultra-high frequencies (UHF) 
super-high frequencies (SHF) 
extremely-high frequencies (EHF) 


30 to 300 Hz 
300 to 3000 Hz 
3 to 30 kHz 
30 to 300 kHz 
300 to 3000 kHz 
3 to 30 MHz (me) 
30 to 300 MHz 
300 to 3000 MHz 
3 to 30 GHz 
30to300GHz 


produced by the sine-wave ac voltage. For example, 
a sinusoidal 20-volt-peak ac voltage will produce the 
same heating effect as will 20 (0.707) = 14.14 volts 
dc. The RMS, or effective value, puts dc and ac on an 
equal basis for many things. You will find that the 
120-volt ac sold to you by your utility company is 
actually (1/0.707M120), or 1.414 times 120 volts. It 
has a peak value of about 170 volts. So, if you want 
to insulate something to prevent your 120-volt RMS 
from sparking, it will be necessary that the insulation 
stand at least 170 volts, and preferably two or three 
times 170 volts. 

Can you see that the RMS, or effective value, of a 
square-wave ac would be equal to the peak value, 
since the current or voltage is always at either the 
positive or the negative maximum value? Incidental¬ 
ly, the +100 volt peak of an ac cycle will give you 
just as bad a shock as a - 100 volt peak will. The cur¬ 
rents might be driven through you in opposite direc¬ 
tions, but at the same effective or "ouch" value. 

If an ac alternates 100 times a second it is said that 
the ac has a frequency of 100 cycles per second 
(cps), or 100 hertz (100 Hz). The human ear can hear 
sound waves developed by a loudspeaker being fed 
all frequencies from about 15 Hz up to about 20,000 


Hz (20 kHz). Older persons, however, may have diffi¬ 
culty hearing above 12 or 15 kHz. The audible fre¬ 
quencies are called audio frequencies. Ac currents of 
between 15 Hz and 20,000 Hz are needed to produce 
air-wave vibrations of these frequencies, which the 
ear can recognize as sound. Dogs and other animals 
may hear sounds up into the 25 to 30 kHz range, 
sounds which are inaudible to humans. 

Some of the common bands of frequencies are 
listed in table 2. Previously used abbreviations of 
kilocycles (kc) and megacycles (me) are indicated. 

Amateur Radio bands fill in the medium through 
extremely high frequencies bands. When we speak 
of "radio frequency" we mean rf frequencies from 10 
kHz through 300 GHz (VLF through EHF). Micro- 
waves are usually 1 GHz through 300 GHz. 

inductance and transformers 

Radio circuits involve dc sources, resistances, 
coils, capacitors, and transistors or vacuum tubes. A 
coil is just what its name implies, a piece of wire 
usually coiled around a tubular form made of an insu¬ 
lating material. It will be found that if a smooth dc 
current is flowing through a straight piece of wire, 
fig. 11, a stationary field of force will be developed 
around the wire. We can represent this magnetic 
field by drawing a few circular field lines around the 
wire. With the current flowing from left to right we 
indicate the field direction as coming out below the 
wire, passing upward on this side of the wire, pass¬ 
ing over the top, and going down behind the wire. 
Arrowheads may be drawn on the field lines to indi¬ 
cate relative field direction, as shown. 

If the current decreases, the field collapses back 
into the wire. As the current increases, the field ex¬ 
pands further outward. The interesting thing about 
these expanding and contracting lines of magnetic 
force is that they induce a voltage in the wire as they 
expand and collapse. If the current is flowing from 
left to right and is increasing in amplitude, the 
magnetic field expands and induces a voltage of its 
own in the wire itself, but in a direction opposite to 
the source voltage and the circuit current direction. 
This reverse-direction induced voltage is called a 
counter-EMF. The counter-EMF acts to prevent a 
rapid current increase in the wire. 

When the magnetic field collapses as current 
decreases, the counter-EMF is now developed in the 
direction of the current flow, tending to increase the 
circuit current. Whatever the current wants to do, 
the counter-EMF developed in a wire tries to counter¬ 
act that effect. 

If the wire is coiled, fig. 12, the field lines of each 
turn add together to form a concentrated field in the 
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core of the coil. The end of the coil where lines of 
force emerge from the core is called the north pole 
(A/) of the coil. Where the lines enter the core is the 
south pole (S) of the coil. The coil in this case can be 
called an electromagnet. An air-core coil's magnetic 
strength can be increased by a factor of thousands 
by winding the coil on an iron core or ferrite core (a 
powdered iron-oxide compound bound together with 
an insulating substance). The more turns and the 
more current, the more ampere-turns — and the 
more magnetism developed in the core. 

A relay utilizes an electromagnet, fig. 13. A few 
volts and relatively little current applied to the coil 
creates a magnetic field that pulls down an iron 
armature, against the tension of its return-spring. 
This closes a circuit between points A and C. When 
the relay switch is opened the magnetic lines collapse 
back into the coil and the armature is pulled back up¬ 
wards by the spring, breaking the contact between 
points A and B. Relays are used to open or close 



remote circuits, particularly when high currents or 
high voltages are involved. 

The single armature and two-contact relay shown 
is called a single-pole-double-throw (SPDT) type. 
With only one contact, the relay would be a single- 
pole-single-throw type (SPST). With two armatures 
and four contacts, the relay would be a double-pole- 
double-throw (DPDT) type. Both relays and switches 
are made in SPST, SPDT, DPDT, as well as more 
complicated forms. A relay coil must be fed dc, VDC, 
or PDC for it to hold its armature down. If ac is used 
across the coil, the core will be alternately magne¬ 
tized in one polarity and then in the other, which 



causes the armature to vibrate. However, if half of 
the top of the iron core piece is encircled with a cop¬ 
per ring, there will be an induced current in the ring 
that produces its own field which tends to hold the 
armature while the magnetic fields are alternating. 
This makes an ac relay. 

Any wire or coil of wire is said to have self-induc¬ 
tance because it induces counter-EMF into itself. A 
coil is often referred to as an inductor. If an inductor 
has a 1-amp-per-second increasing current fed to it, 
and this results in 1 volt of counter-EMF, the inductor 
is said to have an inductance of one henry. The sym¬ 
bol for inductance is L, and the symbol for its unit of 
measurement, the henry, is H. Inductances used in 
radio may range from several henrys in choke coils to 
milli-, micro-, nano-, and picohenrys. They all store 
energy in their magnetic fields when current is flow¬ 
ing through them. When the current stops, the 
energy in the fields is returned to the inductor wires. 

The straight-core, or solenoid, type of coils shown 
so far have a tendency to allow their fields to expand 
a considerable distance from them, causing interfer¬ 
ence with nearby circuit operations. This can be 
reduced by shielding the coils by placing them in alu¬ 
minum cans. If the core is made in a toroidal (dough¬ 
nut) shape, fig. 14, all of the field lines are essentially 
contained in the core material and there are no exter¬ 
nal lines leaking out into the surroundings. Many 
modem tuned circuits in radio equipment now use 
toroid coils, since they require no shielding. 



fig. 14. Toroidal inductor has minimal external field. 
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One of the important components in radio is the 
transformer. A simple transformer consists of two 
wires laid side by side, fig. 15. When the switch is 
closed, current flows in the "primary" wire, develop¬ 
ing a counter-EMF in it. However, the expanding 
magnetic lines of force also induce an EMF into the 
"secondary" wire as they cross it. This produces a 
pulse of current through the load resistor across the 
secondary. When the switch is opened, the field 
around the primary collapses and in so doing induces 
an opposite-direction EMF in the secondary wire, and 
another pulse of current flows through the load 
resistor. Thus, one pulse of primary current produces 
one cycle of ac in the secondary circuit. 

A much more efficient transformer has its primary 
and secondary wires wound on either a straight core 
or on a toroidal core, fig. 16. If the primary winding 
has 200 turns and the secondary has 400 turns, the 
transformer will step up the ac component of any 
voltage fed to the primary by a factor of two. We say 
the transformer has a voltage step-up ratio that is di¬ 
rectly related to the number of turns on the primary 
and the secondary. If there are fewer turns on the 
secondary than on the primary the transformer has a 
step-down ratio. 

The current ratio of a transformer is just the oppo¬ 
site of its voltage ratio. If there are more turns on the 
primary and fewer on the secondary, the secondary 
current will be greater than the primary. This is 
because the product of the primary E and / (remem¬ 
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fig. 15. Simplest fori 

m of transformer. 




ber, P = El) will always be slightly more than the 
product of the secondary E and /, the difference 
being due to core losses and other inefficiencies. 
Since the power output can never exceed the power 
input, the power ratio is usually considered to be 
about 1:1 for all iron-core transformers. 

Power frequency and audio frequency transform¬ 
ers use laminated iron cores (made of multiple, insu¬ 
lated thin sheets) to reduce eddy current losses in 
the core. Their secondaries are usually wound right 
over the primary windings. Radio frequency trans¬ 
formers use air or, in many cases, ferrite cores to 
reduce hysteresis loss, which is an energy loss that 
results from the flipping over of magnetic iron mole¬ 
cules when the primary current alternates and rernag- 
netizes the core in the opposite direction. Primaries 
and secondaries are usually separated slightly. 

Iron-core inductors are used as choke coils in pow¬ 
er supplies, making use of their ability to oppose any 
current changes. They produce a smoother dc from 
varying or pulsating dc. Air and ferrite inductors are 
used in radio frequency choke (RFC) coils, tuned cir¬ 
cuits, and when coupled together, in rf transformers. 
Symbols for the various inductor applications are 
shown in fig. 17. 

capacitance and capacitors 

Capacitance exists whenever two conductors of 
any kind are separated from each other by some form 
of insulator. Two wires laying next to each other 
have a small capacitance between them. A compo¬ 
nent made to have capacitance is called a capacitor 
(originally called a condenser). A basic capacitor is 
shown in fig. 18. It consists of two metal plates sep¬ 
arated, in this case, by air. When the DPST switch is 
closed, the top plate is connected to the negative ter¬ 
minal of the battery and the bottom plate to the posi¬ 
tive terminal. Electrons rush through the lamp into 
the top plate, and electrons on the bottom plate are 
repelled and made to flow into the positive terminal 
of the battery. This charges the capacitor plates, and 
an electrostatic field develops between them. 

If the capacitor is large and battery voltage is high 
enough, the charging current may pulse the lamp on 
for an instant. When the switch is opened, electrons 
will be trapped on the plate of the capacitor and it re¬ 
mains charged. If the left terminal of the lamp is now 
connected to the positive plate of the charged capac¬ 
itor, a discharge current will flow through the lamp, 
possibly pulsing it on again for an instant. The 
greater the resistance of the lamp the slower the 
capacitor will charge and discharge. 

The insulation between the plates, in this case air, 
is called the dielectric. It would be possible to draw 
lines across the dielectric to represent the electro- 
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static field, just as lines were used to represent mag¬ 
netic fields. Magnetic and electrostatic fields are not 
the same, however, although both will be developed 
in all working radio circuits. Inductors store energy in 
their magnetic fields. Capacitors store energy in their 
electrostatic fields. 

If a capacitor can store one coulomb of charge in 
itself when across 1 volt of EMF, it is said to have one 
farad (F) of capacitance. The farad is a very large 
value of capacitance. We usually use capacitors with 
microfarad or picofarad (pF) ratings in radio cir¬ 
cuits. 

Variable capacitors are usually made by using 
intermeshing plates. When the plates are completely 
intermeshed the capacitance is at its maximum. 
When the plates are completely unmeshed the 
capacitance is at its minimum. Usually, one set of 
plates is fixed in position; these are called the stator 
plates. The movable plates are called the rotors. 
Adjustable — as opposed to variable — capacitors 
depend on their plates being compressed together by 
screwdriver action. 

If the air-dielectric capacitor shown in fig. 18 has a 
sheet of mica, paper, ceramic, or plastic slipped in 
between the plates, the capacitor will store more 
electrons than it would otherwise, given the same 
source voltage. The capacitor will have greater 
capacitance because these new dielectric materials 
can accept more lines of electrostatic force than air 
can. Such dielectric materials are said to have a 
higher dielectric constant. Air has a dielectric con¬ 
stant of 1. Mica, waxed paper, and plastics have con¬ 
stants that are between 5 and 10. Ceramic dielectrics 
may range in the thousands. All of these capacitors 
will be nonpolarized. That is, they may be connected 
into a circuit without regard as to which leads are 
used where. They may be used in ac, dc, VDC, or 
PDC circuits, although paper capacitors are not used 
in circuits where the frequency is expected to exceed 
about 2 MHz. 

Two high-capacitance types of polarized capaci¬ 
tors are electrolytic and tantalum capacitors. They 
are made of sheet aluminum plates held apart by 
some material and dampened in a chemical solution. 
When manufactured they are connected across a dc 
voltage or potential and the plates "form," develop¬ 
ing an oxide on one of the plates. This oxide layer is 
very thin and has a very high dielectric constant. 
Such capacitors always carry a polarity marking (+) 
on one lead and must be connected in the circuit 
according to this polarity. If not, they will deform, 
heat, and burn out. These capacitors can not be used 
in ac circuits: only in dc, VDC or PDC circuits. 

Fixed capacitors may be made in flat oblong or flat 



round shapes, or they may be in tubular form. They 
may have their leads emerging from the far ends. If 
made to be soldered into printed circuit (PC) boards, 
the leads will both come out the same side of the 
device. Capacitors range from tiny BB-shot size to 
the size of a small book. 

Capacitors are used in conjunction with inductors 
in tuned circuits, both audio frequency and rf. Their 
ability to oppose any change in voltage allows them 
to be used to smooth (filter) varying or pulsating dc. 
They are also used to pass ac-effects without any 
direct connections, and are used to "bypass" ac 
energy to ground. Symbols of various types of 
capacitors are shown in fig. 19. 
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simplifying the 

multipurpose uhf oscillator 


Some modifications 
making use of inexpensive 
and easy-to-find components 

An earlier article 1 in ham radio described a low- 
power, voltage-tuned oscillator operating above 1000 
MHz. It was designed primarily for use as a local os¬ 
cillator in microwave television converters. 

Two means of frequency control were described: 
1) a free-running mode involving continuous tuning 
by means of a potentiometer, and 2) a phase-lock 
mode for click-stop tuning. These circuits are incap¬ 
able of producing the degree of waveform coherence 
in a UHF oscillator for narrowband systems involving 
CW and SSB. In the free-running mode the circuit Qs 
are too low, and in the phase-locked-loop mode 
switching noise and oscillator subharmonics gener¬ 
ated by the prescaler produce too much phase noise. 
In either case, however, the spectrum is clean 
enough for microwave TV applications. 

By using more sophisticated circuitry it's possible 
to provide almost any degree of spectral purity. 
These advanced circuits are based on the oscillator 
described here and will be the subject of a future arti¬ 
cle. They will allow Amateurs to use CW and SSB 
modes in the microwave region as we do today on 
the high frequency-bands. 

In developing the original UHF oscillator, I paid 
very little attention to component parts cost. I used 


parts on hand. Typical of this extravagance are the 
Plessey prescalers, which together cost about 
$40.00. Other examples are the tuning diode and the 
HP35821 transistor, which cost about $25.00 and 
$15.00 respectively in small quantities. Few can af¬ 
ford the luxury of such expensive components; those 
who can may find them difficult or impossible to pro¬ 
cure in small lots. 

The development work that followed my original 
effort was dedicated to simplification and cost reduc¬ 
tion. These goals were to be met without sacrificing 
performance. Also all components were to be readily 
available in small quantities. 

modifying the 
UHF oscillator 

Much effort went into developing the circuit 
changes and making the modifications to meet the 
design goals. While the original electrical circuit con¬ 
figuration was retained, I made major changes to the 
PC board to accommodate new components. Those 
that were changed include the oscillator transistor, 
tuning diode, prescaler, and voltage regulator. Also, 
the PC board was scaled down in size to fit inside an 
inexpensive and readily available enclosure. 

component changes 

I used a Motorola MRF-901 high-frequency plastic 
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transistor to replace the more expensive HP-35821 to 
help meet the design goals. While the MRF-901 is 
specified primarily for use as a low-noise amplifier 
and switch, it also performs very well as an oscillator. 
This transistor has become very popular with Amateur 
experimenters because of its favorable performance 
characteristics and modest cost in small quantities. It 
has a typical fj of 4.5 GHz with 15 mA collector cur¬ 
rent. Although the pinout is intended for common- 
emitter circuits, I designed the UHF oscillator PC 
board to accept this configuration without difficulty. 

A Motorola MV2201 plastic 6.8-pF tuning diode 
(70 cents in small lots) has replaced the expensive 
and hard-to-find GC type 1607 diode. The capaci¬ 
tance tolerance of this diode is 5.5-8.0 pF at 4.0 volts 
bias. The MV2101, which sells for about $1.25 and 
has a lower tolerance of 6.1-7.5pF, can also be used. 

The Q, of the MV2201/2101 is low compared with 
that of the more expensive devices. Theoretically, a 
small amount of oscillator power that would other¬ 
wise be available at the rf output jack replaces the 
tuning-diode loss. Despite this drawback, this modi¬ 
fied UHF oscillator described here easily provides 10 
mW of rf output power. Thus, modest tuning diode 
Q.is an acceptable compromise. 

An RCA CA3179G 1.25-GHz prescaler replaces the 
more expensive Plessey types. The 3179G costs less 
than $10.00 each in small quantities. The RCA 
CA3163G, which has an identical pinout, is a suitable 
substitute. These prescalers divide by 256 when con¬ 
nected in the UHF mode. 

The modified prescaler circuit is less comlex than 
the original one. It uses fewer components, and ex¬ 
pensive 0.1-watt resistors have been eliminated. 

The Plessey prescalers used in the original UHF os¬ 
cillator 1 provided division by 40. It was recommended 
that an external divide-by-25 circuit be added to 
allow a counter to display, in kHz, the oscillator fre¬ 
quency in MHz. In retrospect, while the divide-by-40 
circuit was a novel idea, it offered nothing in terms of 
oscillator performance that would justify the high 
cost of the prescalers. For experimental purposes, 
the CA3179G, which divides by 256, together with a 
simple conversion chart or hand-held calculator, will 
do just as well. Therefore, in keeping with the goal of 
availability and reduced cost, I decided to use the 
CA3179G prescaler. 

You can get along without the prescaler if you 
have access to a digital counter that operates to 
about 1400 MHz. In most applications it's not neces¬ 
sary to display the oscillator frequency continuously, 
but it's useful to have the prescaler available for tune 
up and frequency adjustment. In my design I in¬ 
cluded a switch to disable the prescaler when not in 


There are several reasons why I added this switch. 
First, I found that careful shielding was necessary to 
prevent small but measurable amounts of subhar¬ 
monic signal power, generated by the prescaler, 
from appearing at the rf output jack. 

Another reason for the switch is to reduce drift of 
the oscillator. The prescaler dissipates 325 mW of 
power, and 455 mW more is dissipated in the 5.0-volt 
series-pass regulator. The oscillator's frequency sta¬ 
bility is considerably improved when the prescaler is 
inoperative; otherwise, over a period of time, the 
additional 780 mW of heat increases the temperature 
of the oscillator module and causes some frequency 
drift. The component most affected by temperature 
changes is the tuning diode. 

Two voltage regulators, an MC78L12 and an 
MC78L05, are connected in series to provide regu¬ 
lated + 12 and +5 volts. These regulators have 
become very popular with Amateur experimenters 
because they are inexpensive and available in small 
quantities. Originally the +12 volts was supplied by a 
723 1C, and a separate negative supply was needed 
for the prescalers. The modified UHF oscillator unit 
requires only a single positive supply voltage of be¬ 
tween +15 and + 19 volts at a current of about 100 
mA. 

The enclosure for the modified UHF oscillator con¬ 
sists of a RACO 11.5-cubic-inch (188.4-cm3) exten¬ 
sion box (92 cents) at hardware stores. The RACO 
box is made of welded steel and is normally intended 
for electrical house wiring purposes. Experience has 
shown that the PC board containing the UHF oscilla¬ 
tor should be mounted inside of a rigid electrostatic 
enclosure. At UHF, fm microphonics may occur if the 
box is not rigid; furthermore, a good rule is to make 
the box rf tight to avoid the unpleasant conse¬ 
quences of rf leakage. 

The RACO box meets these requirements. It meas¬ 
ures 1-1/2 inches (38 mm) high, 2 inches (50 mm) 
wide, and 4 inches (102 mm) long. It is open both at 
the top and bottom. A flat 0.074-inch-thick (1.9-mm) 
aluminum plate 2-1/8 x 5-5/8 inches (54 x 143 mm) 
is attached with four screws to the bottom of the 
box. Matching holes, drilled into the bottom of the 
box, are tapped for 4-40 (M3) screws for that pur¬ 
pose. The plate extends out 5/16 inch (8 mm) from 
the box on each side where 1/8-inch (3-mm) holes 
are drilled to provide means for mounting. The top of 
the RACO box is fitted with a 0.020-inch-thick (0.5- 
mm) aluminum cover with 1/4-inch (6.4-mm) flaps 
turned down on all four sides. Except for the oscilla¬ 
tor line and grounding shims to be described, the top 
and bottom covers are the only two sheet metal parts 
that need to be fabricated. These relatively simple 
parts are illustrated in fig. 1. 
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the oscillator line 

The mechanical details of the oscillator line LI are 
shown in the original article and therefore will not be 
duplicated here. However, the line should be short¬ 
ened from 2-1/16 inches (52.4 mm) to 1-3/4 inches 
(44.5 mm). This is necessary to compensate for the 
parasitic (lead) inductances of the inexpensive 
MV2201 tuning diode. 

assembly procedure 

You can make the PC board yourself from the full- 
scale patterns shown in fig. 2 or obtain them from 
Rock Engineering Supply Company, Inc., 1769 Armi- 
tage Ct., Addison, Illinois 60101. Another option is to 
procure a kit of parts including the PC board from 
RadioKit, Box 411, Greenville, New Hampshire 
03048. 

In simplifying the UHF oscillator, the expensive 
feed-through capacitors have been eliminated. All 
bypass capacitors are ceramic disc types except for 
C6, which is a 24-pF dipped mica. The schematic dia¬ 
gram is shown in fig. 3. C6 is soldered directly on the 
foil side of the board with extremely short leads. The 
original article describes how to prepare this capaci¬ 
tor before installation. 

It is recommended that parts be assembled on the 
component side of the board first, including the volt¬ 
age regulators, prescaler, the 2N5179 transistor and 
associated parts. Next, oscillator line LI should be 
mounted on the foil side of the board. The pointed 
end of this inductance fits into the insulated hole 
near the MRF-901 transistor. The other end of LI is 
supported by a 3/32-inch-thick (2.4-mm) epoxy fiber¬ 
glass shim. Apply two-part, five-minute epoxy glue 
sparingly to the shim and each end of the line to 
secure them in position. 

mounting the varactor 
tuning diodes 

Because the MV2201 is equipped with wire leads, 
solder should be applied as close to the plastic body 
as possible to minimize lead inductance. The anode 
is soldered to the large pad under the oscillator line, 
while the cathode lead is bent at a right angle and 
soldered to the top of the line. Fig. 4 shows the in¬ 
stallation of the diode. For operation at approximate¬ 
ly 1100 MHz, the tuning diode should be soldered to 
the oscillator line at 1-1/4 inches (31.8 mm) from the 
collector end of the line. 

mounting the PC board 
in the enclosure 

The PC board is mounted in a RACO box about 1 /2 
inch (12.7 mm) from the top. It is held in place by 



cover. (A) and IB) respectively, used with the UHF oscil¬ 
lator enclosure. Material is aluminum stock, 0.074 inch 
(1,9 mm) thick for the bottom plate and 0.020 inch (0.5 
mm) thick for the cover. Raps should be bent around a 
RACO box to form a tight fit. 


means of L-shaped spring-brass shims soldered to 
the top and bottom of the rf output edge of the 
board. These shims also serve as rf grounds, I used 
scissors to cut my shims from a discarded piece of 
weather stripping; then I bent them at an angle of 
about 120 degrees using a bench vise as a makeshift 
brake. The dimensions of the L are 1/8 x 1/2 inch 
(3.2 x 12.7 mm); the small dimension is soldered to 
the board. The board is secured in position by means 
of 4-40 (M3) screws through both the wall of the box 
and the shims. 

There are two holes located at the rear edge of the 
board, which are intended for through-grounds. In¬ 
sert a short piece of tinned copper busbar in these 
holes, fold over and solder on each side. 

operating frequency range 

I built the modified UHF oscillator primarily to oper¬ 
ate at its fundamental frequency in the range be¬ 
tween about 1100 and 1200 MHz. However, by ad¬ 
justing the position of the tuning diode on the line, 
the range can be moved up or down as in the original 
design. It's also possible to use frequency multipliers 
for higher-frequency operation, as described in the 
original article. 1 

output coupling 

The output-coupling circuit is similar to the original 
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one; however, a 3/16 inch-diameter (4.8 mm) pow¬ 
dered iron slug inserted in the output coupling loop 
and screwed to the board has been added to increase 
the coupling. The slug acts as a magnetic dipole, 
which aids the output current in the loop. Although it 
may seem surprising, carbonyl C iron made by Cam- 
bion (Cambridge Thermionic Corporation), which is 
normally intended for use at much lower frequencies, 
gave very good results. Power output was measured 
to be in excess of 10 dBm with the slug. 

The rf coupling loop is formed from 3/16-inch (4.8 
mm) wide 12-mil (0.3 mm) shim stock. The rf output 
jack should be mounted in a 3/8-inch-diameter (9.5 
mm) hole centered on the middle knockout. The rf 
coupling loop terminates on the large pad under the 
BNC connector. The pad acts as an rf bypass capaci¬ 
tor and also allows dc power to be brought into the 
box by way of the coaxial center conductor. 

To ensure a good rf output termination, a 3/16- 
inch-wide (4.8 mm) piece of copper foil is soldered to 


the flat on the threaded portion of the BNC connec¬ 
tor. The other end of the copper foil is soldered to the 
ground foil on the edge of the PC board under the 
BNC connector. It is important that this ground foil 
be made as short as possible. 

test and adjustment 

Provisions have been included on the PC board to 
monitor the MRF-901 collector current for tune-up 
purposes. Temporary leads should be tack soldered 
to the doughnuts on each side of the gap in the PC 
conductor leading to the + 12V oscillator pad. When 
the adjustment is complete, a jumper will be soldered 
across this gap, as illustrated in fig. 4. 

The feedback capacitor, not shown, is made of 
1/8-inch-wide (3.2 mm) copper foil. One end is sol¬ 
dered to the emitter, while the other end extends out 
over the top of a 1/32-inch-thick (0.8 mm) epoxy 
fiberglass insulator cemented with epoxy to the top 
of the oscillator line. See fig. 4 for details. 
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fig. 3. Schematic diagram of the improved UHF oscillator. The more expensive 
oscillator transistor, tuning diode, and prescaler used in the original circuit have 
been replaced with the components shown. Oscillator line LI in the original design 
has been shortened from 2-1/16 inches 162.4 mm) to 1-3/4 inches (44.5 mm). 



itor C2 in fig. 1 is made by bending the unused emitter 
lead of the MRF-901 up and over the top of the transis¬ 
tor. A T/4 x J/8 inch (6.4 x 3.2 mm) piece of copper foil 
is then slid under the emitter and over the epoxy insula¬ 
tor and soldered to the emitter. (This capacitor is not 
shown in the drawing. See text for adjustment.) 


tune-up procedure 

The procedure for tuning up the MRF-901 is some¬ 
what different than for the HP35821B transistor used 
in the original model. First of all, a 100-ohm current- 
limiting resistor (which also acts as an rf choke) tends 
to maintain a relatively constant collector current. 
The 1.8k and 18k biasing network should set the col¬ 
lector current between 15 and 20 mA for most MRF- 
901s. Do not permit the collector current to exceed 
30 mA. To reduce the collector current, increase the 
value of the 18k resistor to 20 or 22k as required. 

The oscillator frequency is highly dependent on 
the capacitance between the emitter and collector. 
To adjust frequency, set the tuning pot output volt¬ 
age to zero (12 volts tuning-diode bias). Connect a 
counter to the prescaler output jack; adjust the value 
of the feedback capacitor until the oscillator frequen¬ 
cy is equal to the desired high-end frequency. Either 
clip the foil or bend it back on itself to increase fre¬ 
quency. Note that the counter readout correspond¬ 
ing to a frequency of 1100 MHz should be 4.2969 
MHz. After making this adjustment, apply a very 
small amount of epoxy cement to the feedback ca¬ 
pacitor to secure it to the epoxy insulator. 
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The tuning range of the modified oscillator is 
smaller than with the original model — about 3 per¬ 
cent of the center frequency instead of ten percent. 
This is due primarily to the relatively high capacitance 
of the tuning diode. This range may be increased by 
using two tuning diodes in series. 

The tuning range of the new oscillator has deliber¬ 
ately been reduced to permit use of a single-turn in¬ 
stead of ten-turn tuning pot. This is in keeping with 
the goal of cost reduction. 

You may want to provide means to tune the UHF 
oscillator from a remote location. If so, remove the 
tuning pot and insert a phono jack in its place. Con¬ 
nect a 470-ohm, 1/4-watt resistor from +5 volts to 
the junction of the 1.5k resistor and the 0.01 #tF by¬ 
pass capacitor. Then connect the junction to the 
center conductor of the phono jack, The 2k pot can 
then be located at the far end of a shielded cable. 
Solder a phono plug on the near end. 

conclusion 

The UHF oscillator as described in reference 1 
leaves something to be desired in terms of compo¬ 
nent cost and availability, which explains the reason 
for further development. Although its performance is 
outstanding in most respects, the original model was 
complex and difficult to construct. Also there was 
measurable rf leakage because some of the compo¬ 


nents were not totally shielded. Nevertheless, it 
proved to be a good starting place. 

The modified UHF oscillator overcomes the prob¬ 
lems of the original unit while retaining its good 
points. Because the RACO box is rugged and pro¬ 
vides full shielding, stability and drift are negligible by 
comparison. For example, the warm-up drift of my 
modified oscillator operating in the free-running 
mode measured 650 kHz. After stabilizing in four 
minutes from a cold start, the frequency drifted only 
0.06 percent at 1100 MHz. When buffered with a 3- 
dB pad, the effect of changing the load from a short 
to an open circuit through all possible angles caused 
a frequency change of less than 1.5 percent. Finally, 
despite the fact that the MRF-901 has less power¬ 
handing capability than its predecessor, it delivers a 
full ten milliwatts into a 50-ohm load. 

Without compromising the important performance 
characteristics, the UHF oscillator can now be con¬ 
structed easily with components that are readily 
available at a fraction of the cost of the original unit. 
The design goals specified at the beginning of this ar¬ 
ticle have been met. 

reference 

1. Norman J. Foot, WA9HUV, "A Multipurpose UHF Oscillator," ham 
radio, December, 1980. 
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TECHNIQUES {&$&? 


Making a crystal from a pair of 
eyeglasses! From time-to-time I 
receive interesting letters based on 
material in this column, and I'd like to 
share some of them with you. 

G-.W. Thomas, G5YK, of Suffolk, 
England, writes, "1 was very inter¬ 
ested to read your April issue...on 10 
meters. 

"I was also on 10 meters in those 
days and the first India-Europe con¬ 
tact was made on February 10, 1929: 
I established contact with VT2KT on 
that day using about 50 watts. 



fig. 1. Charlie Atwater, nu2JN. and his 
pioneer 10-meter transmitter. Charlie's 
1928-1929 experiments helped open this 
new Amateur band. Using a UX-210 
driving a UX-852, Charlie's transmitter 
delivered about 80 watts into a Zeppe¬ 
lin antenna. Unfortunately, the sunspot 
cycle was on the downward trend. 
After a few exciting months 10 meters 
went dead, and interest lapsed for 
nearly eight years. 


"I was also fascinated in the mak¬ 
ing of a crystal from a quartz slab. 
The price of a crystal in those days 
was more than my weekly wage, so I 
found a way of making one cheaply 
and with less effort. From an opti¬ 
cian's shop I bought old quartz spec¬ 
tacle lenses and slowly and painstak¬ 
ingly ground them down to 80 
meters. They were marvelous, and a 
friend (then G5YX) and I had a little 
business going as a sideline for a 
short while. Oh, those were the 
days!" 

Charles Atwater, W2JN 

A real old timer passed away a 
short time ago: Charlie Atwater, 
W2JN. Located in Upper Montclair, 
New Jersey, Charlie established the 
first-ever, 10-meter transatlantic 
QSO, with ef8CT in France. Ten 
meters had until then been consid¬ 
ered a worthless band. W2JN explod¬ 
ed this idea around 1928 with a fwo- 
hour, 100-percent contact. Using an 
experimental license, Charlie made 
this record before the 10-meter band 
was opened for general Amateur use. 
The nu2JN transmitter (fig. 1) is an 
eye opener todayl Doesn't look much 
like a Kenwood, does it? 

W1BVL was there! 

A note from Dick Briggs, W1BVL, 
says, "Your article in the April, 1981, 
ham radio was of great interest to 
me, particularly your description of 
WIXM's 10-meter crystal-controlled 
transmitter of 1928. The four-tube 
driver unit using 201A tubes was built 
and used for my thesis at MIT in May, 
1927. In 1928, a year after my gradua¬ 
tion, the unit was used as described 
by Howard Chinn in November, 1981, 
QST magazine. 


"At that time little was known 
about frequency doubling with 
vacuum tubes. My thesis made an 
analysis of the operating parameters. 
Also it was found that frequency 
changers could be made somewhat 
regenerative to enhance the gain per 
stage. 

"My first DX QSO on 10 meters 
was with Bill Eitel, W6UF, on October 
21, 1928, at 3:40 pm, EST- My trans¬ 
mitter was a tuned-plate, tuned-grid 
(TPTG) oscillator with a UV-203A 
with about 80 watts input from a 
chemical rectifier. The antenna was 
70 feet long slanting up from 30 feet 
to 55 feet and a counterpoise wire 
slanting down from 30 feet to 8 feet.* 

"All the above brings back memo¬ 
ries of those old times. I am now a 
retired vacuum-tube engineer and do 
consulting on microwave magne¬ 
trons." 

the final word 
on 10 meters 

George Elliott, W6ENC, sends the 
final word on 10 meters — a beautiful 
copy of the Ten- Ten International Net 
bulletin celebrating 50 years of IO¬ 
meter activity. The complete story of 
the famous nu2JN contact is in the 
bulletin, plus many other articles of 
interest to the 10-meter operator. The 
Ten-Ten International Net monitors 
28,800 kHz daily except Sundays and 
publishes an interesting quarterly 
bulletin, chock-full of articles of inter¬ 
est to 10-meter ops. Full information 
on the net and the bulletin can be ob- 
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a dipole — about 17 dB. Inside the 6- 
meter array is the 144-MHz array, 
which consists of two twenty-ele¬ 
ment expanded collinear arrays pro¬ 
viding about 16 dB gain over a dipole. 

Fig. 3 shows Bob's new antenna 
project, which seems to me to be 
comparable to building the pyramids 
of Egypt. This shows the base assem¬ 
bly for his new moonbounce anten¬ 
na, It consists of three Ftohn 25 
towers in a triangle, 10 feet (3 meters) 
on a leg. In the center of the triangle 
is a stressed steel and concrete sub¬ 
base that has 6 cubic yards (4.6 cubic 
meters) of concrete in it, going down 
10 feet (3 meters). The top pour, 
which will cover the excavation, will 
have 17 cubic yards (13 cubic meters) 
of concrete in it, for a total of 23 
cubic yards (17.6 cubic meters). Two 
towers will go up about 80 feet (24 
meters), tied together every 10 feet (3 
meters). An antenna, steerable in azi¬ 
muth and elevation, will go at the 
top. It is planned to have eight seven- 
element KLM LPY antennas providing 
a power gain of about 21 dB, with six- 


tained from W6ENC, George Elliott, 
whose QTH is 942 Victoria Drive, 
Arcadia, California 91006. I would 
imagine that two postage stamps 
included in your letter to George 
would help. 

To become a -member of Ten-Ten 
you have to work some of the present 
members on 10 meters. I'm sure 
George can bring you up to speed on 
that, too. 


how to be LOUD 
on 6 and 2 meters 


Have you ever heard the ear- 
splitting signal of Bob Magnani, 
K6QXY, on 6 or 2 meters? No? Then 
you must be off the air. Bob has an 
outstanding signal, and the pictures 
he sent me tell why. Fig. 2 shows the 
present installation, which consists of 
four seven-element KLM LPY Yagi 
antennas spaced one wavelength 
apart for 50 MHz. Estimated gain over 


fig. 3. The base for KBQXY's new moonbounce antenna consists of three lattice 
towers arranged in a triangle. The first sections are up in the photo. The towers 
will go up to about 80 feet (24.4. meters), tied together every 10 feet (3 meters). 
Twenty-three cubic yards (17.6 cubic meters) of concrete will be poured into the 
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teen fourteen-element "Junior 
Boomers" for 144 MHz nestled inside 
the bigger antenna. This will provide 
about 25 dB gain on 2 meters. 

So if you haven't heard K6QXY 
yet, you soon will! 
a long wire antenna 
for field day 

"Wait until next year!" That's the 


cry of the Field Day enthusiast. And 
sure enough, the antennas for 1982 
will be bigger and better than those 
used in 1981 for portable work. 

Bob Walton, W6CYL, has the 
perfect scheme for getting a longwire 
antenna up in the air with a minimum 
of fuss and bother. He uses an arm- 
brace slingshot. This is a device that 
has a lightweight aluminum frame 


mounted at the bottom of the vertical 
handle, which rests back on the 
forearm and reduces the force on the 
handle when you draw back on the 
rubber tubing bands for a long shot 
into a tall tree. 

Bob places a 6-ounce (170-gram) 
fishing line sinker on a heavy monofil¬ 
ament nylon line wound on the reel of 
a take-apart Japanese-imported trout 
rod. This setup will take about 200 
feet (60 meters) of line. Bob mounts 
the pole and reel on a ground stake 
and releases the drag on the reel. 
Then, with the sling shot, he shoots 
the sinker up and over a tree using 
the fishing line as a messenger cable 
to pull up a longwire antenna. He 
puts an egg insulator on the end of 
the antenna wire so that he can see 
when the end is getting near the tree 
leaves and branches. 

Bob has also tried the bow-and- 
arrow technique of shooting an 
antenna into a tree. He says that 
works, too, but it requires more 
expertise to spot the antenna wire 
where you want it. Bob says that you 
can buy a reel of braided copper 
antenna wire (part number AS-207/ 
CRT-3) at Fair Radio Sales, Box 1105, 
Lima, Ohio 45802. 

After he gets the monofilament line 
safely up into a tree, with the sinker 
down at ground level, he attaches the 
braided copper wire to the line, 
unreels the wire and pulls in the 
sinker and line. Up she goes! When 
he's finished operating, he releases 
the fishing line from the tie-down at 
ground level, and reels in the braided 
copper wire. In the event of a snag, 
he pulls on the wire and the nylon line 
breaks, freeing the balance of the 
wire. 

Bob says, "Operating from a trail¬ 
er, as I often do, requires searching 
for a parking spot that will permit a 
longwire antenna. Here, trees are 
ham's best friends. And when you 
put up the antenna, stand by for a 
rash of CBers who descend upon you 
with all kinds of questions. Some 
even report inventing radio and the 
thrill of working skip, etc.!" Bob 
shows how it's done in fig. 4. 



fig. 4. The W6CYL slingshot technique for erecting a portable antenna. Nylon fish¬ 
ing line on a trout pole is attached to lead sinker, which is then catapulted over 
nearby trees using an arm-brace slingshot. Bob prefers this to the bow-and-arrow 
technique. Try it out next Field Day. 
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the 2-meter quad at K3AC 

K3AC, Malcolm Williams, lives in a 
high-rise apartment, as do many 
other Amateurs. The building frame 
is steel, and the use of an indoor 
antenna is out of the question. But 
K3AC puts out a powerful 2-meter 
signal with the aid of his portable 
four-element quad antenna. In a mat¬ 
ter of minutes the quad can be 
assembled and placed onto the 
porch. And in bad weather, the quad 
can be used indoors, shooting out 
through the sliding glass doors (fig. 
5). Dimensions for a quad of this 
type, cut to 146 MHz are: reflector 
loop, 21-1/2 inches (54.6 cm) on a 
side; driven element loop, 20-1/4 
inches (51.4 cm) on a side; two direc¬ 
tor loops, each 19-1/4 inches (49 cm) 
on a side. Reflector-to-driven-ele- 
ment spacing is 16 inches (40.6 cm); 
driven-element-to-director spacing is 
13 inches (33 cm). Spacing between 
directors is 13 inches (33 cm). 

For vertical polarization the driven 
loop is broken in the middle of one 
vertical side and fed with a random 
length of RG-58/U coaxial line. The 
line is brought back to the boom and 
then run down the supporting mast. 
For horizontal polarization, the driven 
loop is broken in the middle of the 
bottom for the coaxial line. The 
reflector and director elements are 
the same in either case; they "don't 
know" the polarization of the driven 
element! 

A duplicate of this quad beam is 
easy to build. The boom can be a 4- 
foot (1.2-meter) length of 1-inch 
(2.54-cm) diameter wood dowel rod, 
varnished to protect it from the 
weather. The loops are built from 
lengths of 1/4-inch (0.6-cm) diameter 
wood dowel rods, fitted into holes 
drilled in wood blocks. The blocks, in 
turn, are drilled to press-fit over the 
boom. The loops are made of No. 20 
(0.8 mm) enameled wire. 

To space the loops properly on the 
X-frame, the wire can be temporarily 
positioned with the aid of short pins 
pushed into the dowel rods. Once the 
position of the wires has been deter¬ 


mined, the dowel tips are drilled to 
pass the wire element. The loop is 
made taut by pulling the dowels out 
of the holes in the center block a bit 
before epoxy cement locks the dow¬ 
els to the block. 

The array is collapsed by sliding the 
loops off the dowel boom. For a more 
portable affair, the loops themselves 
can be made to collapse. 

There's no reason the vertical mast 
can't be lashed to the balcony and 
rotated by hand. K3AC mounts his 
quad on a small case, which provides 
a base and container for the quad 
when it is not used. 
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fig. 5. The compact 2-meter quad at 
K3AC is ideal for the apartment 
dweller. Sometimes Mai uses it in¬ 
doors. shooting the signal through the 
sliding-glass doors. See text for dimen¬ 
sions and construction details. 


what about your antenna? 

Do you have an interesting anten¬ 
na? Send me a description of it and if 
it appears in this column, ham radio 
will send you a free, one-year sub¬ 
scription to this magazine (or extend 
your subscription for a year if you al¬ 
ready have one). Send your material 
to me, care of the magazine (address 
on the contents page 3 of every 
issue). 

ham radio 




THE TOP 
OF THE LINE 


PEAK READING 
WATT METER WM-2000A 
reads power in 200, 1000, 
2000 watt ranges. 3.5-30 
MHz. Reads average or PEP 
power output. Includes ex¬ 
panded VSWR scale. 



IN-LINE WATT METER 

WM-2000 reads power in 200, 
1000, 2000 watts. 3.5-30 MHz. 
Incl. expanded VSWR scale. 



MOBILE WATT METEH 

HFM-200 with remote direc¬ 
tional coupler reading 20 or 
200 watts. 3.5-30 MHz. Il¬ 
luminated, with VSWR scale. 



SWR BRIDGE SWR )A 

with dual reading meters. 
1000 watts RF. 3.5-150 MHz. 
Reads relative power output. 



authorized dealers. 

fc CUBIC 

%W COMMUNICATIONS,INC. 

305 Airport Rd. • Oceanside. Ca. 92054 
(714) 757-7525 
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the half-wave vertical 


A 40-meter DX antenna 
without a radial-wire 
ground system 

A current-fed vertical antenna, such as a quarter- 
or five-eighths-wavelength monopole, must have a 
radial-wire ground system for maximum efficien¬ 
cy. 1 ' 3 This is known as a groundplane. 

the groundplane 

What is the purpose of this groundplane? Will it 
provide the low-angle radiation necessary for work¬ 
ing distant stations? The radial-wire ground system 
under the antenna must provide a low resistance to 
reduce ohmic losses in the system. The ground-loss 
resistance, referred to the base of the antenna can, 
by a groundplane, be made low with respect to the 
system radiation resistance. For a quarter-wave verti¬ 
cal the radiation resistance is approximately 36 ohms. 
The radiation efficiency is therefore high. The radial- 
wire groundplane system is therefore important, 
since the length and number of radials, as well as the 


conductivity of the ground, determine this terminal 
loss resistance. 

The parameters of the antenna, however, to 
launch sky waves at low angles above the horizon ex¬ 
tend to distances well beyond the antenna and its 
ground system. In fact, the conductivity of the 
ground, fifty or more wavelengths from the antenna, 
is important in that it influences the vertical radiation 
pattern of the antenna. And this effect is significant, 
especially for launch angles of less than 10 degrees 
above the horizon. 

Fig. 1A shows the theoretical vertical radiation 
pattern for a 6-MHz quarter-wave antenna over poor, 
good, and very good ground (sea water). The pattern 
for an antenna over very poor ground, but with an 
extensive ground system, 4 is shown in fig. IB. It is 
clear that, while the radiation efficiency of the anten¬ 
na is improved by using a ground screen, the power 
gains for elevation angles less than 10 degrees be¬ 
comes vanishing small. 

the half-wave antenna 

An alternative approach is to use a half-wave radi- 

By John S. Belrose, VE2CV, 3 Tadnoussac 
Drive, Aylmer (Lucerne), Quebec, J9J 1G1, 
Canada 
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ator. Since its radiation resistance is high compared 
with the ground-loss resistance, the radiation effi¬ 
ciency can be high, even without wire ground radi- 
als. The base resistance of a half-wave antenna 
depends on its height-to-diameter ratio. For a tower 
antenna, the base radiation resistance is about 500 
ohms; for thin wire antennas this resistance is several 
thousand ohms. Furthermore, if the antenna feed- 
point is elevated from the ground, the influence of 
the finite conductivity of the ground on the input im¬ 
pedance of the antenna is even further reduced. The 
antenna will therefore radiate with good efficiency, 
even with no ground screen at all. Of course, the far- 
field vertical radiation pattern, especially at low ele¬ 
vation angles, is affected by the conductivity of the 
ground as discussed above; but we have little control 
over this except to erect the antenna over a salt 
marsh or over alkaline flats in the prairies. 



Erecting the home-built coaxial sleeve antenna at a 
field-day site ftopl. Lower photo shows the antenna in 
operating position. 


The coaxial vertical, or sleeve antenna, (fig. 2), is a 
half-wave radiator. This antenna is used extensively 
at VHF. It can also be used effectively at high fre¬ 
quency, at least for frequencies greater than 7 MHz. 
The coaxial sleeve is composed of a cage of four 
wires connected to the top of a tower, insulated from 
ground and the tower but connected by a skirt wire 
at the lower ends. The antenna is fed by a coaxial 
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cable that runs up the center of the mast. The out¬ 
side conductor of the coax is connected to the top of 
the tower; the center conductor is connected to the 
base of a free-standing, base-insulated whip at the 
top of the tower. (For base-station use, the tower 
should be grounded for lightning protection.) 

The optimum height, measured from the center of 
the antenna above the ground, is one-half wave¬ 
length, since the antenna and its image are then sep¬ 
arated by one wavelength. This is the height for max¬ 
imum gain, which for a perfectly conducting ground, 
would be 6.27 dB over a dipole in free space. How¬ 
ever, this height can be decreased to about 0.35 
wavelength before ground losses appreciably affect 
the input impedance.5 

antenna fundamentals 

A vertical antenna of physical length or height, H, 
is related to its electrical length, G, by a factor k: 

H = kG (1) 

where His height 

k is a factor (less than 1) 

G is electrical length (degrees) 


That is, the physical height, H, is less than the elec¬ 
trical height, G, due to a) end effects and b) the velo¬ 
city of propagation of the wave along the radiator, 
which is less than its velocity in free space. Usually G 
will be one-quarter, one-half, or five-eighths wave¬ 
length (90, 180, or 225 electrical degrees). If G is 
measured in meters rather than in degrees, (as for ex¬ 
ample, we express wavelength in meters), then the 
physical height, H, or in this case, h, will also be in 
meters. 

The factor k depends on the length-to-diameter ra¬ 
tio (H/D) of the radiator and on its electrical length. 
Fig. 3 shows the experimentally determined relation¬ 
ship between these parameters. In fig. 3 the percent 
increase of G over H is plotted versus the electrical 
diameter, D, (degrees), for a very wide range of val¬ 
ues of D. Thus for thin antennas, this factor is ap¬ 
proximately 5 percent, and for fat antennas, the per¬ 
cent increase is considerable. The experimental val¬ 
ues were obtained from various sources. I measured 
those labeled 2 in fig. 3 for first and second reso¬ 
nance. Previous investigators, for example Brown 
and Woodward,6 got into difficulty for the larger 
values of D because of the capacitance of the base 
plate since the disk they used, which closed the bot¬ 
tom of the cylindrical radiator, formed a shunt capac¬ 
itance across the terminals of the radiator. In my 
measurements I used rods rather than tubes, and the 
radiators were tapered to a point at their bottom end 
(but the taper was over a distance small with respect 
to the length of the radiator) to minimize this effect. I 
have used the curves in fig. 3 for antenna design. 
The curve for G = 225 degrees probably lies midway 
between those for G = 90 degrees and 180 degrees. 

Towers are not usually of circular cross section. 
For triangular towers d = 0.48b (2) 
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and for square towers 

d = 1.18b (3) 

where b - face width of tower 

d = effective diameter of the tower 


design of the coaxial- 
sleeve antenna 

Suppose we design a coaxial-sleeve antenna for a 
frequency of 7.15 MHz (X = 984/fMHz = 137.6feet 
or 42 meters, and a quarter wavelength = 34.4 feet, 
or 10.5 meters). The antenna arrangement is sketched 
in fig. 2. 

The Shakespeare™ whip had a diameter of 1-1/4 
inches (31.8 mm) at its base, and 1/4 inch (6.4 mm) 
at the top of the radiator. The effective diameter is 
therefore 1-25 + 0.2 1 = 0 .75 inch, or 19 mm (0.0625 

foot, or 0.02 meter). 

Thus D = 0.0625^(^0} _ 0 16 degrees. In metric 
terms, D = 0^(360). 

The percent lengthening is therefore approximately 
5 degrees, or k = = 0.95. However, for 

fiberglass whips, the conducting wires are embedded 
in fiberglass. The velocity of propagation is therefore 
further reduced by the velocity of propagation in 
fiberglass, which is about 0.95 times the velocity in 
free space. Hence 

k e ff = 0.95k 

= 0.95(0.95) = 0.9 

The length of the whip is therefore: 0.9 (34.4) = 31 
feet (9.5 meters). 

The effective diameter of the coaxial sleeve is esti¬ 
mated as follows. The top of the sleeve is the dia¬ 
meter of the supporting tower, which for a triangular 
tower 8 inches on side is 0.84^-^j = 0.56foot (0.17 
meter). 

The four wires of the cage that form the sleeve are 
tied to stakes forming a 3-foot (0.9-meter) radius 
about the base of the tower (see fig. 2). 

Visualize these tie points to form the corners of a 
square, which at ground level has a side length of 
2f2 = 4.24 feet (1.3 meters). Thus the effective di¬ 
ameter is 1.18 (4.24) = 5 feet (1.52 meters). The ef¬ 
fective diameter at the end of the sleeve is approxi¬ 
mately ~ (5) = 3.75 feet (1.14 meters). The aver¬ 
age effective diameter of the sleeve is therefore 


— — =2.15 feet or 6.57 meters, (that is, 5.6 

degrees). Hence (see fig. 3), the percent lengthen¬ 
ing for D = 5.6 degrees, G = 90 degrees is 19 per¬ 
cent. The antenna factor k = j~ = 0.84. The 

length of the sleeve is therefore 0.84 times the length 
of a free-space quarter wavelength, or 0.84 
(34.4) = 29feet (8.8 meters). 

The antenna* was built according to these dimen¬ 
sions, and indeed it was resonant in the middle of the 
40-meter band. Since the input impedance of the an¬ 
tenna (which was not measured) is expected to be 
closer to 72 ohms than to 50 ohms, the feed cable 
should be RG-11/U. If 50-ohm cable is preferred 
(RG-8/U), the feeder cable should be cut so that it is 
an integral multiple of one-half wavelength (a cable 
one wavelength long would be 90.83 feet, or 27.7 
meters). This is because such a transmission line, re¬ 
gardless of its impedance, transfers to the feedpoint 
the terminal impedance without introducing reac¬ 
tance. 

a practical antenna 

The antenna that we constructed for use at a field- 
day site is shown in the photos. A full-wave delta 
loop (apex down, apex fed) was also used. This an¬ 
tenna has quite a different vertical radiation pattern 
(dominantly high angle). Switching from one anten¬ 
na to the other provided reception from quite a differ¬ 
ent zone — a very desirable feature for field day. 
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•The 40-foot (12.2-meter| tower employed is just marginally high enough, 
since the height of the antenna measured from its center is approximately 
0.3 wavelength. Ideally, a 70-foot (21.4-meter) tower should be employed. 
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avoiding built-in digital- 
circuit problems, part one 



A nice feature of digital circuitry is that it's not 
sensitive to drift, noise, or realignment problems, 
which are common to analog designs. A good digital 
circuit performs the same function each time. But a 
few digital designs are not well executed by the 
designer, usually the result of lack of experience. 




One can thus "build-in" problems; and the purpose 
of this article is to help you learn how to "build them 
out". 

There are several ways to spot a poor digital 
design: a project may work only over a limited sup¬ 
ply-voltage range. Interchanging identical devices 
may not be possible, or certain portions of the circuit 
may be critical. Strange things may happen when 
switches are thrown. Worst of all, the circuit may be 
sensitive to rf pick-up. 

Tracking down and fixing these problems can be 
difficult. The underlying cause may show itself only 
during a transition, and not be obvious from an 
examination of resting states. Useful troubleshooting 
tools are a fast multi-channel oscilloscope, good 
data books, and lots of experience. 

Professionals have access to good scopes and also 
have the design experience. Good data books are 
available, and pitfalls are easy to avoid once under¬ 
stood. But the mass of data on each device may be 
overwhelming to the eyes of the inexperienced. So 
let's expose the critical factors. 

The greatest design problem is poor timing. 
Modern logic operates with nanosecond transition 
and delay times. These times are so fast that they 
may appear instantaneous when compared with a 
50-WPM keyer, for example. Nanoseconds are 
important, though, and the proper sequencing of 
logic signals is crucial to the success of a circuit 
design. 

Many logic designs work because the designer 
was lucky: the arrangement of propagation delays 
just barely allowed proper sequencing. Copying such 
designs, using long leads, will add time delay and 
may make the circuit marginal. Inadequate power- 
supply bypassing may fail to remove glitches (un¬ 
wanted, short spikes), which can make the circuit 
inoperative. 

the logic race 

A constant problem is the race condition. This 
phenomenon occurs when two or more sequence 
paths are mixed with improper time delays among 
each path. The circuit may work, but it's not clear 
how much margin exists and glitches may appear 
that affect circuitry further downstream. 

A glitch-generating condition is shown in the sim¬ 
ple flip-flop circuit of fig. 1 and the waveforms of fig. 

2. The flip-flop circuit could be used to generate a 
string of dashes in a keyer (input clock speed in this 
example was increased to make the negative glitch 
clearly visible). 

By Penn Clower, W1BG, 459 Lowell Street, 
Andover, Massachusetts 01810 
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fig. 4. Divide-by-20 circuit using 74193 
counters. 

up-down 


The negative spike is the result of a race condition: 
the input clock signal reaches both the flip-flop and 
gate at the same time. Since the flip-flop has some 
delay in changing state, a brief time occurs when 
both gate inputs are high, to produce a low gate 
output. 

Each race condition must be judged for a particular 
application. Some don't matter. If the circuit of fig. 1 
were used as a keyer, the CW transmitter would ig¬ 
nore a 50-nanosecond spike since carrier envelope 
response is usually several milliseconds. On the other 
hand, if the output were used to clock or gate some 
other logic, the spike would not go unnoticedl A 
problem spike should be modified so that the race is 
always won by the designer. 

a simple race 
analysis tool 

This tool is simply a piece of lined paper turned 
sideways. Paper lines provide time markers for the in¬ 
put waveform. This technique is used in fig. 3. It 
shows the original fig. 1 circuit and timing in A, one 
solution in B.* 

The solution toggles the flip-flop on the opposite 
edge and adds a gate delay to the flip-flop clock 
input. Output-gate inputs will "line up" without glit¬ 
ches. Use of this fix will depend on remaining cir¬ 
cuitry; note that the opposite clock edge does the 
flip-flop toggling. 

judging a race 

An important point to remember is that races can 
result from many causes: device delays, board 
layout, temperature, and operating voltage, which 
can vary a spike width. Such races may be hard to 
spot because of time differences. Even a fast scope 
can't display a short spike at a low repetition rate. 
Troubleshooting may require a fast rate for test or 
simply the paper analysis tool. More than one device 
has been discarded because it was properly respond¬ 
ing to "invisible" spikes! 

the brief but 
necessary spike 

Some medium-scale integrated (MSI) devices gen¬ 
erate very short output pulses by design. This forces 
close attention to board layout because long lines 
can distort short pulses and cause trouble. 

The divider circuit of fig. 4 is an example. The 
74193 counters are connected in a down-count mode 
with preset of 20. When the second stage borrow 
goes low, the preset condition is loaded into the 
counters. The input clock then counts down until 
both counters reach all-zero, causing the borrow out- 


'Propagation delays should be taken from data books, but the paper sketch 
can exaggerate the delays for clarity. 
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put to go low, and the process repeats. 

Fig. 5 shows the input and output waveforms with 
a 1-kHz input rate. The output appears to have 
nothing, but it is working. 

A 74193 device has a direct asynchronous preset 
load feature. Borrow out is determined by all-zeros, 
but this is also the preset load. Width of the output 
pulse is determined by the propagation delays of bor¬ 
row output and load: about 30 nanoseconds in this 
case. 

Fig. 6 is an expanded time-scale version of fig. 5. 
It shows the negative edge of the 20th clock pulse in 
relation with the output pulse. A delaying-sweep 
oscilloscope is required for this brief-but-necessary 
spike, but other problems exist. 

Distributed capacitance and series-lead inductance 
of long lines may distort the output and prevent 
proper loading. (Long lines tend to form lowpass 
filters.) Both counters should have borrow and load 
propagation delays within specification; out-of-spec¬ 
ification device problems are covered later.* It 
doesn't make sense to choose a circuit requiring fast- 
pulse layout with a 1-kHz clock. Three added NAND 
gates will improve things. 

improved divider 
with visible output 

The circuit of fig. 7 adds a set-reset latch (U1, U2) 
between borrow and load. U2-6 is held high by clock 
inverter U3. The low borrow from the second count¬ 
er will flip the latch and make U2-6 low, enabling the 
preset load. The load will remain low for one-half 
clock cycle through the inverter. 

Once the latch has been set and preset load enabled, 
the latch is reset only when the input clock goes 
high. The positive edge of the clock would normally 
toggle the counter, but the 74193 is designed to 
inhibit counting until the load pin returns high. This 
means the circuit of fig. 7 will skip one input clock. 

The input-output waveforms of fig. 8 show a vis¬ 
ible output pulse, one for every 21 inputs. The same 
preset connections as in fig. 4 were used. A proper 
division by 20 requires a preset connection one /ess 
than the desired count. 

Layout problems are reduced, and the output is 
visible, but two gates and an inverter are required. (If 
these are not available, another device may be 
chosen.) 

a different device 
but same function 

Another way out of the fast-spike problem is to 
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fig. 9. Divide-by-20circuit using 74163 up counters. 


design with a device such as the 74163. It features 
synchronous loading; the preset loading occurs only 
when the required clock edge is received. A divide- 
by-20 circuit is shown in fig. 9, with waveforms in 
fig. 10. 

Operation is similar to that in fig. 7 except that the 
74163 is an up-counter. Preset is maximum count, 
minus desired count, minus one. It is the binary com¬ 
plement of fig. 7. 

Ripple carry output goes high on full count, then 
it's inverted for the preset load input. The 74163 is 
designed to inhibit counting when the load pin is low. 
The clock enables preset loading instead, and the 
counters have an entire clock cycle to settle before 
the first up-count. 



reliability 

The important thing to remember about these 
examples is that a reliable design must allow se¬ 
quences in a nice, orderly fashion, with plenty of 
time for setup and settling. The designer must hold 
device speed limits and observe propagation delays. 
Layout and wiring problems then have easier, low- 
frequency solutions. 

The next part of this article will show some other 
problems and solutions, plus methods of reducing 
radio-frequency interference (RFI). 

ham radio 
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fall equinox 
propagation outlook 

September, like March, is a special 
time of year for propagation, and 
therefore DX. Equinox is the reason: 
equal-length nights and days; the sun 
is directly overhead at noon on the 
geographic equator. At this time, 
with the radiation from the sun hitting 
the earth broadside, and because the 
equatorial plane of the earth and the 
plane of the sun's equator nearly 
coincide, particles from the sun's 
eruptions (flares) and coronal holes 
(thin places in the sun's gases) have a 
bull's-eye path to the earth. These 
charged particles, called the solar 
wind, enter the earth's atmosphere in 
the polar regions. They also build up 
in the Van Allen belts around the 
earth above the equatorial region. 
When full, the belts dump into the 
polar auroral zone, on the Canadian- 
LJ. S. side after about 2200 local time. 
This is a geomagnetic storm. 

Coincident with the geomagnetic 
storm are three ionospheric proc¬ 
esses that affect propagation and 
DX. First, the particles coming into 
the auroral zone ionospheric D and E 
regions absorb the energy from the 
signal, lowering the S-meter reading. 
Weak signals on east-west paths and 
few signals across the poles are the 
result. Second, the particles form a 
reflective curtain along the equator 
side of the auroral zone for VHF auro¬ 
ral scatter propagation openings. 
Third, the F region of the ionosphere 
toward the equator from the auroral 
zone is depleted to form a trough 
where the maximum usable frequen¬ 
cy (MUF) for a particular path through 
this area decreases by 30 to 50 per¬ 
cent. Paths through the trough re¬ 


quire the lower frequency bands. 
However, north of the geomagnetic 
equator a similar-size enhancement 
of the F region MUF takes place to 
give the evening trans-equatorial 
openings during the equinox and win¬ 
ter seasons. These three effects are 
not steady but quite variable on any 
time scale (hours, minutes, or sec¬ 
onds); therefore fading is an almost 
normal occurrence. The effects con¬ 
tinue to occur each night for 2 to 3 
days before ionospheric equilibrium is 
obtained again. The bigger the geo¬ 
magnetic storm (higher K or A value) 
the closer to the equator these effects 
occur. 

You'll remember during the last 
spring equinoctial period, March, 
April, and into May, seven periods 
were experienced with these phe¬ 
nomena going on for days at a time. 
This was the most disturbed period 
so far this solar cycle. We may not 
have a fall equinox like the spring dis¬ 
turbances, but if so, you can be on 
the lookout for those effects. When 
the ionosphere is this variable, DX 
openings come at very odd times and 
locations with weak and fading sig¬ 
nals. Be on the lookout for that need¬ 
ed country or just have a lot of fun. 

gray-line DX 

Another equinox propagation phe¬ 
nomena for interesting DX is known 
as gray-line DX. This propagation en¬ 
hances DX on north-south paths over 
the polar regions during quiet geo¬ 
magnetic conditions. The best times 
for openings are just as dawn or sun¬ 
set comes upon your location with 
your antenna pointed north or south. 
Signals will be unbelievably strong 
and clear, reminiscent of sporadic E 


<Es) one hop. By the way, there may 
be a few short-skip openings from Es 
left for this summer's Es season, if 
you're lucky enough to catch them. 
Let's look at the September forecast. 

The 27-day solar minimum is ex¬ 
pected about the 13th of September, 
building to a maximum about the 
27th. Geomagnetic disturbances 
from solar flares are expected as 
short periods during ascending activ¬ 
ity around September 23 and even 
more likely on the descent about the 
30th. A longer disturbance may be 
experienced about the 10th if a solar 
coronal hole develops near the mini¬ 
mum solar activity. Solar flux should 
be building somewhat into the winter 
months for better DX. 

Full moon is on the 14th and peri¬ 
gee on the 17th this month. The time 
the equinox occurs is on September 
23rd at 0305UT. 

band-by-band summary 

Six meters will provide some excel¬ 
lent openings to South Africa from 
the eastern U.S. and from the west¬ 
ern and central U.S. to Australia and 
New Zealand around local noontime. 
The openings are more probable dur¬ 
ing high solar flux values. 

Ten, fifteen, and twenty meters will 
be full of signals from morning into 
early evening almost every day and to 
most areas of the world. The open¬ 
ings will be shorter on the higher 
bands and concentrated more near 
noon for the path of interest. High 
solar flux values and geomagnetic 
disturbance will favor these bands for 
trans-equatorial contacts. 

Forty, eighty, and one-sixty meters 
are the night DXer's bands. The 
bands are open beginning just before 
sunset and lasting until just as the sun 
comes up on the path of interest. Ex¬ 
cept for daytime short-skip signal 
strengths, high solar flux values don't 
affect these bands much. Geomag¬ 
netic disturbances may cause much 
signal attenuation and fading on polar 
paths. 
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RFI cures: 

avoiding side effects 


Advice on preventing 
additional problems 
when making rfi fixes 
to home-entertainment 
equipment 

Many Amateurs have had it happen: You're on the 
air and the phone rings, or there's a loud knock on 
your door. It's a neighbor who says, "Your signals 
are getting into my stereo and clock radio.'' What¬ 
ever the device, you are expected to do something 
about it. The problem still exists today, despite ad¬ 
vances in engineering. If you want to stay on the air 
and keep peace in the neighborhood, you might offer 


to add a few components to the affected equipment 
to make it less susceptible to RFI. 

Much has been published in the Amateur literature 
on cures for Amateur-caused radio-frequency inter¬ 
ference (RFI) to these devices. If you handle the pro¬ 
blem diplomatically and apply the appropriate cure to 
your neighbor's equipment, the interference from 
your Amateur transmitter may disappear, but you 
may be faced with more problems. What happens 
when your neighbor's precious stereo set doesn't 
have the original audio response it had before you 
made the fix? Suppose your friendly neighbor's 
phono preamp develops a 60-Hz hum after you've 
added components to cure RFI? 

By John W. Frank, WB9TQG, P.O. Box 5113, 
Madison, Wisconsin 53705 
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If the interference is entering the stereo through the ac 
line, the cord can be wrapped around a ferrite rod to 
form a bifilar choke. 

This article is based on my experience with RFl 
problems in commercial home-entertainment 
devices. It offers some advice on dealing with the 
side effects that can occur when trying to tame such 
devices. Such side effects include parasitic oscilla¬ 
tions and high-frequency attenuation in audio 
amplifiers, hum in phonograph preamps, and the so- 
called "hot-chassis" syndrome. 

a personal experience 

Not long ago, a neighbor and I were victims of RFl. 
After determining that the offending CB transceiver 
was being operated legally, we added the standard 
filtering and shielding to our stereos only to en¬ 
counter the side effects of these commonly accepted 
RFl cures. The side effects included parasitic oscilla¬ 
tions, high-frequency attenuation, the hot-chassis 
syndrome, and a 60-Hz hum. Since each of these 
side effects is the result of a different cure, each 
must be considered separately. 



Parasitic oscillations and high-frequency attenuation 
(described in the text) can be avoided by installing a 
toroid on each speaker lead. 


parasitic oscillations 

Bypass capacitors on speaker leads are sometimes 
unnecessary and often their effect can be disastrous. 
Fortunately I didn't destroy the audio output tran¬ 
sistors in my receiver. Another RFl victim in my 
neighborhood wasn't so lucky: capacitors on the 
speaker leads of his stereo set caused feedback, and 
the resulting high-frequency oscillations destroyed 
the audio power amplifier. 

Some solid-state amplifiers will oscillate when 
bypass capacitors are placed across their output. 
Quite often, these oscillations occur at frequencies 
too high to be audible. These parasitic oscillations 
can cause overheating of the output transistors and 
put an extra burden on the power supply. The sad 
part is that often bypass capacitors aren't needed on 
the speaker leads. Many articles on RFl suppression 
recommend bypassing speaker leads for rf. But 
unless the leads are acting as an antenna, there's no 
need for this cure. 

How can you tell if the speaker leads are acting as 
an antenna? If you're using a receiver with a head¬ 
phone jack, disconnect all speakers at the receiver 
output, plug in a set of headphones, and listen. If the 
receiver doesn't have a headphone jack, disconnect 
all speakers at the receiver and connect headphones 
to the receiver output with short jumper wires. If the 
interference disappears when the speakers are dis¬ 
connected, it's safe to assume that the speaker wires 
are acting as an antenna. If the interference remains, 
you'll need to keep looking and listening to find out 
how the offending signal is getting into the stereo 
set. 

high-frequency attenuation 

Another approach to keeping rf on the speaker 
leads from getting into the receiver is to use an rf 
choke in series with the speaker leads at the receiver 
(fig. 1). In theory this works fine; in reality it creates 
a new set of problems. The inductive reactance of 
the rf choke will prevent rf from reaching the 
receiver, but the choke will have enough reactance 
to attenuate higher audio frequencies as well. 
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For example: 2.5 mH at 15 kHz will have a reac¬ 
tance of approximately 235 ohms. At 500 Hz that 
same 2.5 mH will have a reactance of less than 8 
ohms. The load on the receiver will be changing 
because the reactance of the choke will constantly 
be changing with frequency. A substantial amount of 
power will be lost in the choke. Most small, pi-wound 
chokes are designed for small amounts of current, 
generally 1 ampere or less. At higher audio frequen¬ 
cies, the reactance of the choke will limit current 
through the series combination of choke and speak¬ 
er. But, at lower frequencies and higher power 
levels, the current through the choke could reach 
several amperes, until the choke overheats and acts 
like a fuse. Now the audio output stage is looking 
into an open circuit. 

Some receivers and amplifiers can tolerate loads of 
varying impedance; others can't. An alternative to 
the rf choke is to slip a ferrite bead over the speaker 
lead at the receiver or, in more stubborn cases, 
thread the lead through a toroid core (see photo). 

Another cause of high-frequency attenuation is 
excessive capacitance in the signal path. In my 
stereo, the CB signal was getting into the phono 
preamp through the magnetic phono cartridge. This 
problem was confirmed by removing the cartridge 
from the tone arm without hearing any interference. 

The simplest approach to this problem was to add 
rf bypass capacitors to the phono preamp inputs. 
When 100-pF capacitors were installed, as shown in 
fig. 2, a noticeable deterioration occurred in the 
high-frequency response. The reason for the attenu¬ 
ation of high frequencies is that the total capacitance 
in the signal path exceeded the maximum load capac¬ 
itance the cartridge could tolerate. Fig. 3 illustrates 
the factors that contribute to the total capacitance in 
the circuit. 
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fig. 2. Unless the value of the bypass capa 
chosen very carefully, high-frequency attenue 
the stereo's audio can result. 
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How much capacitance is too much? Specification 
sheets for good-quality phono cartridges include 
data for the optimum load resistance and maximum 
load capacitance. High-frequency attenuation can be 
avoided by keeping the total capacitance well below 
the maximum tolerable capacitance. 

hum 

Phono preamps are high-gain, high-impedance cir¬ 
cuits. Adding any unshielded components to their in¬ 
puts can result in an annoying hum. The side effect is 
the result of installing rf chokes in the preamp input 
circuits, as shown in fig. 4. Although rf chokes will 
solve the interference problem without causing high- 
frequency attenuation, any nearby magnetic fields 
will induce enough voltage in the choke to cause a 
60-Hz hum. Depending on the intensity of the mag¬ 
netic field and the type choke used, the hum could 
range from barely audible to loud and objectionable. 

the hot chassis syndrome 

Occasionally, rf will find its way into a stereo by 
way of the ac line cord. The commonly accepted 
cure for this type of RFI consists of placing bypass 
capacitors across the primary of the power trans¬ 
former (fig. 5). While this will prevent rf from getting 
into the stereo through the ac line, it might create a 
shock hazard. This problem arises from the fact that 
almost all consumer audio equipment uses a two- 
wire line cord. The chassis is almost never at ground 



potential and, with the addition of the bypass capaci¬ 
tors, the potential between chassis and ground ter¬ 
minal of a three-wire outlet can be as much as 20 
volts. (This number is based on my own measure¬ 
ments and may vary, depending on the type of 
equipment and the value of the bypass capacitors as 
well as other factors). 
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avoiding side effects 

There's nothing mysterious about avoiding side 
effects of RFl cures. All it takes is a basic understand¬ 
ing of electronic theory and some common sense in 
application. 

Parasitic oscillations can be avoided by not putting 
bypass capacitors on speaker leads unless it's abso¬ 
lutely necessary, and then only when recommended 
by the manufacturer of the equipment affected. 

Since high-frequency attenuation can be caused 
by either of two cures, there are two ways to avoid 



such attenuation. If it's necessary to use rf chokes on 
the speaker leads, use the smallest amount of induc¬ 
tance that will do the job. If one or two ferrite beads 
placed on each speaker lead at the amplifier don't 
provide enough inductance, try a toroid, as shown in 
the photo. 

When high-frequency attenuation is caused by too 
much capacitance in the signal path, the solution is 
to reduce the capacitance wherever possible. If a 
bypass capacitor is needed on each preamp input, 
use the smallest value that will cure the RFl problem. 
An old rule of thumb states that the reactance of the 
bypass capacitor should be one tenth the impedance 
of the circuit being bypassed at the lowest frequency 
encountered. If poorly shielded patch cords contrib¬ 
ute to an RFl problem, replace them with RG-59 coax 
cable. Why use RG-59 when RG-58 is less expensive 
and more flexible? Answer: RG-59 cable has less 
capacitance per unit length. 

Hum can be avoided by not adding unshielded 
components to high gain circuits. If an rf choke is 
needed on a preamp input to block out the offending 
signal, very carefully remove the first amplifying tran¬ 



sistor from the circuit and slip a ferrite bead over the 
input lead. 

If the rf is entering the receiver or amplifier on the 
ac line, the hot-chassis syndrome can be prevented 
by using a bifilar choke, as shown in the photo. 

If wrapping the ac-line cord around a ferrite rod to 
form a bifilar choke is too bulky or inconvenient, the 
hot-chassis syndrome can still be avoided. When 
installing capacitors across the power-transformer 
primary winding, make sure the caps have a high- 
enough voltage rating to withstand the peak ac 
voltage plus any surges, spikes or transients that may 
occur. A 600-volt rating is usually adequate. Also 
make sure the capacitors have a very high leakage 
resistance. One final step you can take is to add a 
three-wire line cord. When the chassis is grounded 
through the line cord, a shorted capacitor will blow 
the fuse. 

some final thoughts 

Because of the variety of tuners, turntables, tape 
decks, preamps, power amplifiers, graphic equaliz¬ 
ers, and speakers on the market, no two cases of RFl 
are exactly alike. Add to this the variety of antennas 
and transmitters available to the Amateur-Radio 
operator and very few sources of RFl are exactly 
alike. 

The point is that one audiophile might suffer from 
interference and his neighbor might not. One audio 
amplifier might have an adverse reaction to a com¬ 
monly accepted RFl cure, and another might not. 

The intent of this article has been to make you 
aware of some of the common side effects of RFl 
cures and how they can be avoided. However, when 
in doubt consult the manufacturer! For example, if 
an audio amplifier uses inverse feedback to reduce 
distortion, the manufacturer can tell you if adding 
capacitors across the output will send it into a frenzy 
of oscillation. 

I repeat! When in doubt, consult the manufac¬ 
turer. 

ham radio 
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the how and why 

of 

multiplexing 


An interesting 
communications technique 
with practical suggestions 
for Amateur use 

Those who have studied for an Amateur license 
know that radio signals are modulated to transmit 
intelligence. Such modulation may be thought of as 
one form of multiplexing — transmitting and receiv¬ 
ing simultaneously two or more messages or signals 
over a common medium. 

To consider modulation and multiplex systems, it's 
best to consider electromagnetic radiation in two dif¬ 
ferent forms or domains. Engineers look at such sig¬ 
nals in the time domain, as in a waveform displayed 
on an oscilloscope; and in the frequency domain, as 
in a signal displayed on a spectrum analyzer. 

Fortunately, there's a convenient way to transform 
the information contained in one form to that con¬ 
tained in another. It is called the Fourier transform. 
Any college text on communications systems will 
have a description of the Fourier transform and its 
use. The complete derivation of such a transform is 
mathematically complex and difficult to handle. For 
the purposes of this article, we'll say that signals can 
be described in both time and frequency domains. 
Fig. 1 shows a few examples of how signals look in 
these domains. The acronyms used in the article are 
defined at the end of this article. 

There are a number of ways to modulate a carrier 
with intelligence. Before discussing multiplexing. 


let's look at the advantages and disadvantages of the 
different modulation types. 

signal modulating systems 

The simplest form of modulation suitable for voice 
transmission is amplitude modulation (a-m). This 
form of modulation is created by modulating the 
strength, or amplitude, of a carrier-frequency wave 
at an audio rate. The simplest case of a-m is shown in 
the modulated waveform of fig. 1C. Amplitude mod¬ 
ulation has advantages and disadvantages. One 
advantage is in the simplicity of the receiver. This is 
why this form of modulation was used in the first 
commercial broadcasts and continues to be used to¬ 
day. Among the disadvantages are a waste of trans¬ 
mitter power and a signal-to-noise ratio that can be 
improved. 

The term "signal-to-noise ratio" is used here to 
denote the quality of a communications system. All 
communications systems contain some amount of 
noise. With more signal and less noise, the signal-to- 
noise ratio increases. All modulation methods can be 
compared mathematically on the basis of the expect¬ 
ed signal-to-noise ratio. In commercial applications, 
this comparison often determines what is suitable 
and what is not. 

Double sideband. Other derivatives of the ampli¬ 
tude-modulation technique are used by Amateurs. 
Double-sideband, suppressed carrier, and single¬ 
sideband, suppressed carrier are forms based on 
amplitude modulation. They can, in fact, be created 
by filtering unwanted components from a normal 
a-m signal. Double-sideband, suppressed carrier has 


By Tim Shroyer, KH6N, 2805D Kahana Street, 
Wahiawa, Hawaii 96786 
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fig, 1. Examples of radio signals in terms of time and frequency domains. In (A), left, a modulating frequency 
(sine wave) is shown as it would be displayed on an oscilloscope in the time domain. The same signal is shown 
at right as it would be displayed on a spectrum analyzer in the frequency domain. Drawing (B) shows a carrier 
signal (also a sine wave) in the time domain (left) and the same signal in the frequency domain (right]. A 100-per- 
cent a-m carrier, modulated by a single tone of frequency F. is depicted in (C) in the time domain (left) and in the 
frequency domain (right). F is modulation frequency; f r is carrier frequency. 


the advantage of transmitting information on the sig¬ 
nal and eliminating wasted power created by trans¬ 
mitting the carrier signal. It does, however, duplicate 
the transmission of the information signal by trans¬ 
mitting the same information in both sidebands. 

Single-sideband. Single-sideband, suppressed car¬ 
rier transmission provides some of the most efficient 
use of the radio spectrum. The intelligence is not 
transmitted in duplicate, and the power used in 
transmitting the carrier in other modulation systems 
is used instead for intelligence. 

There is one disadvantage, however. Single-side- 
band, suppressed carrier provides no reference signal 
for the receiver to determine accurately the signal 
center frequency. In many control and signalling 
applications, this is a serious shortcoming. Without 
accurate frequency control, for example, Touch- 


Tone™* signalling is not possible. In Amateur high- 
frequency applications, the advantages of this mode 
far outweigh the disadvantages. Operators become 
accustomed to the sound of single sideband and can 
eventually understand the signal, even when tuned 
off frequency. 

In critical commercial and military applications, 
this problem is overcome in a different way. Cesium 
frequency standards with exceptional accuracy and 
stability control both transmitter and receiver. 

Frequency modulation. Another of the most com¬ 
mon modulation forms is fm. It is formed by varying 
the instantaneous frequency of the transmitted sig¬ 
nal at an audio rate (or more precisely, at an intelli¬ 
gence rate). The frequency of the modulating signal 


•Touch Tone is a registered trademark of The American Telephone and 
Telegraph Company. 
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fig. 2. A comparison of an fm signal in the time domain 
(top two drawingsl and in the frequency domain (bot¬ 
tom drawingl. The modulating signal is depicted in (A), 
with the resultant transmitted signal shown in (Bl. The 
same signal and its nominal bandwidth, which is a 
function of deviation, is shown in (Cl. 


is determined by how many excursions across the 
center frequency are made in a given period. The 
amplitude of the modulating signal is determined by 
the amount of actual frequency change. A wider fre¬ 
quency excursion is indicative of a higher modulating 
amplitude. The comparison of an fm signal in the 
time and frequency domains is more complex than 
that of an a-m signal (fig. 2). 

Frequency modulation can take on different char¬ 
acteristics depending upon the width of the signal, or 
deviation.* When the signal is modulated to produce 
a signal approximately the same width as a standard 
double-sideband a-m signal, it provides a signal-to- 
noise ratio equal to that of an a-m signal. This is the 
case with the modulation used on 2-meter fm. 

It does have some advantages over a-m, however. 
One of the advantages is that fm can be amplified by 
a class-C amplifier. On first inspection this may not 
seem to be such a tremendous advantage. There are 
cases, however, where it's either impossible or 
impractical to create a good class-A or class-B ampli¬ 
fier. It's much easier in most cases, for example, to 
operate a microwave system with fm rather than 
a-m. In the past, it was not possible to produce and 
amplify an a-m signal at these frequencies. 

Fm exhibits a very interesting threshold effect. In 
thereceptionoffm,oncethesignal level has increased 
beyond a particular level, there is no significant 
improvement in signal-to-noise ratio that can be 
obtained by an increase in power. This effect can be 
used to advantage in an fm system. 

Where fm really comes into its own is in wide-band 
applications. An improvement in signal-to-noise ratio 
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can be achieved at a sacrifice of bandwidth. For 
many years this phenomenon was not appreciated. 
After all, it doesn't make sense that a wider band¬ 
width, which allows more noise energy to enter the 
system, would allow better reception. There are a 
couple of ways to implement this effect, and it usual¬ 
ly involves detectors in the receiver that apply fre¬ 
quency-compression feedback. In this process, the 
receiver i-f bandwidth is made to look narrower than 
the transmitted signal. Many critical commercial 
applications make use of this method when the spec¬ 
trum bandwidth is available. 

digital-modulation methods 

Some of the greatest technical strides have recent¬ 
ly been made in digital modulation techniques. There 
are a number of different methods: 

Pulse-amplitude modulation. This form of modu¬ 
lation, as in all digital methods, relies upon a principle 
called sampling. The sampling theorem states that, if 
the information signal is sampled at a fast enough 
rate, the signal can be reconstructed on the basis of 
the sample values. This is further refined in the 
Nyquist theorem, which states that the minimum fre¬ 
quency at which the samples may be taken is twice 
the frequency of the highest frequency component in 
the information signal. 

The samples may be thought of as having been 
taken instantaneously and transmitted in the same 
way. This, then, provides the amplitude of the infor¬ 


mation waveform at discrete intervals of time. In 
pulse-amplitude modulation, this information is used 
to determine the amplitude of the transmitted pulse, 
as the name implies. This modulation method is 
shown in fig. 3. Note that the pulses can be modulat¬ 
ed as flat-topped pulses (fig. 3B) or following the 
signal waveform during its period of transmission 
(fig. 3A). If the pulses are transmitted sufficiently 
fast that time is still available between them, the pos¬ 
sibility exists to put other information in the spaces. 
(We will examine this in more detail a little later.) 
PAM is one of the easiest forms of digital modulation 
to recover, since a lowpass filter will recover ti.s orig¬ 
inal modulating waveform. In fact, most forms of 
digital modulation are converted back into PAM in 
the demodulation process to recover the signals. 

Pulse-duration modulation. The next modulation 
form we will consider is pulse-duration modulation 
(PDM). In this method, the amplitude of the modulat¬ 
ing signal controls the width of the transmitted pulse. 
An example is shown in fig. 4. The simplest way to 
generate the pulses is to allow a time-constant circuit 
to charge or discharge to the modulating signal 
amplitude and allow the duration of this process to 
control the pulse length. In the demodulation-proc¬ 
ess, as stated above, the PDM signal is usually con¬ 
verted into a PAM signal, then demodulated as a PAM 
signal. 

The PDM signal has a very interesting advantage. 
The receiver must make a relatively simple decision 
— is the pulse there or is it not? This can be compli- 
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cated by noise; but in general, it allows for improve- 
mentofthe signal-to-noise ratio in otherwise marginal 
conditions. The received signal can be hard-limited, 
removing all amplitude information, to overcome a 
fairly large amount of amplitude variation or QSB. 

Pulse-code modulation. Another form of digital 
modulation is pulse-code modulation (PCM). It is pro¬ 
duced by transmitting some digital representation of 
the signal rather than the signal itself (fig. 5). For 
example, the binary-coded decimal value of the volt¬ 
age at the time of the sampling could be transmitted 
directly. This would result in the transmission of a 
series of pulses for each sample rather than the single 
transmitted pulse for each sample as in PAM and 
PDM. PCM has the advantage, shown by PDM, in 
that the detector must make the simple decision of 
whether the pulse was, or was not, transmitted. 

Other interesting properties may also be used in 
PCM. The transmitted code can be specially formu¬ 
lated to improve the signal-to-noise response of the 
system. In this way, the code predicts what a typical 
noise burst would do to the received signal and 
attempts to provide a received signal that will allow 
less ambiguity. This system is presently the subject 
of much interest and research in commercial and mil¬ 
itary areas. 

Well, this has been a fairly rough overview of most 
of the modulation systems. All can and are used in 



fig. 7. One time-division multiplex (TDM) interval or 
frame, which combines digital signals of different 
types and data rates. 


multiplexing. So what is this multiplexing, anyway? 

multiplexing 

The dictionary defines multiplex as "...a system 
for transmitting or receiving simultaneously two or 
more messages or signals over a common circuit, 
carrier wave, etc." Amateur Radio operators, in gen¬ 
eral, don't know too much about this technology. In 
general, we don't have much need for it. Most Ama¬ 
teur communications are conducted on one simplex 
circuit with no need for simultaneous transmission. 
Let's look at some ways we can make use of multi¬ 
plex systems. 

In commercial and military communications areas, 
multiplex is a necessity. These users are concerned 
with the transmission of many messages at the same 
time. Imagine the expense it would require to use a 
separate radio for each telephone conversation! 
Many different multiplex methods are used to 
accomplish this requirement. 

We've seen that signals can be represented in both 
the frequency and time domains; this suggests two 
ways to multiplex signals. In fact, methods are used 
in which signals are multiplexed in both time and fre¬ 
quency. First let's look at methods of multiplexing 
signals in the frequency domain. 

One method involves the placement of many dif¬ 
ferent signals side-by-side in frequency in the trans¬ 
mitted signal - called frequency-division multiplex, 
or FDM. A way of looking at this is to considers num¬ 
ber of fm signals being transmitted in a given band. 
All these signals could be transmitted by a single 
transmitter rather than the many signals required for 
single-signal transmission. 

The individual information signals could also be 
modulated by amplitude-modulation-based tech¬ 
niques. This could use single-sideband modulation to 
reduce the spectrum space required by the signals. In 
this way the transmitter of the OSCAR satellites cou|d 
be thought of as a multiplex system. All of the input 
signals are combined and transmitted by one trans¬ 
mitter on the downlink side. Fig. 6 shows how the 
transmitted signal might look in the frequency do¬ 
main with separate single-sideband signals multi¬ 
plexed. 

There is another form of frequency multiplexing — 
the frequency modulation of the main carrier with 
frequency-modulated subcarriers. The representa¬ 
tion of the final modulated signal is much more com¬ 
plex than that of normal FDM as shown in fig. 6. This 
is due to the rather complex nature of the display of 
fm in the frequency domain, as shown in fig. 2. This 
is the most common of multiplex systems used in 
common-carrier microwave systems, as we shall see 
later. It can be referred to as fm-fm. 

Digital-modulation types offer relatively simple 
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multiplexing in the time domain. Taking another look 
at figs. 3, 4, and 5 we see that there is space 
between the transmitted pulses in each case. If the 
pulses are transmitted in a short enough period of 
time, there is enough room to insert many additional 
signals. This is called time-division multiplex, or 
TDM. All this requires is that each individual signal be 
sampled (and the sample transmitted) faster than the 
Nyquist rate (discussed previously). The samples can 
be transmitted as they are taken, or they can be 
stored to be transmitted at an appropriate time. 

Any of the digital modulation types can be used in 
TDM. All that is required of them is that they be 
separated from the other signals in the time domain 
at the receive demultiplexer. In fact, digital signals of 
different types and different data rates can be com¬ 
bined in one TDM signal. The entire combination of 
signals transmitted in one interval is called a frame. 
An example of a TDM frame is shown in fig. 7. Often 
a group of signals can be combined into a TDM frame 
before they are combined with another similar group 
for the final transmitted frame. This can be referred 
to as low-speed and high-speed TDM. The low-speed 
TDM frames are combined to be transmitted as one 
high-speed TDM frame. 

commercial multiplex applications 

Now that we know what multiplex is, what are 
some of the commercial applications? Broadcast 
television can be thought of as a form of FDM. The 
video and audio information is transmitted by the 
same transmitter using separate carriers for the two 
signals. In this particular case, the audio is transmit¬ 
ted using fm and the video with a form of a-m — ves¬ 
tigial sideband amplitude modulation. In vestigial 
sideband, one of the sidebands is suppressed beyond 
a certain cutoff frequency but the carrier is trans¬ 
mitted at full power. 

Broadcast fm stereo (often called fm multiplex) 
uses another special form of multiplex technique. In 
this type of signal, the main frequency-modulated 
signal carries the information for the left plus the 
right channels. A monophonic receiver detects only 
this signal. A double-sideband, suppressed-carrier 
signal transmitted with the fm signal carries the left 
minus the right channel information. The stereo 
receiver detects this signal, then algebraically sub¬ 
tracts it from the fm signal to produce the right and 
left channel information. 

Another form of multiplex with commercial appli¬ 
cations is voice frequency carrier telegraph, or VFCT. 
In this system a group of FSK (frequency shift key¬ 
ing) signals are combined in a form of FDM. The indi¬ 
vidual FSK signals are produced by shifting them 
over a narrow range of frequencies in the audio 
range. The resultant signals are then combined and 


transmitted with a single transmitter. The most com¬ 
mon use of this system is in the simultaneous trans¬ 
mission of a group of teletypewriter signals. Different 
standards exist for the number of channels and the 
audio frequencies used, based upon the speed and 
necessary quantity of individual circuits. 

In an earlier paragraph I made reference to an fm- 
fm system. This is the most common type of multi¬ 
plex used in normal microwave circuits. In this 
method individual circuits are combined into groups. 
The groups are then combined into supergroups, and 
the supergroups are combined into a mastergroup. 
The normal commercial standard calls for twelve 
channels to be combined to form one group. Five 
groups are combined into one supergroup. Eleven 
supergroups are then combined into one mastergroup. 
This produces a link that will support 660 circuits (or 
channels) on one mastergroup. Mastergroups can 
then be combined to form multimastergroups. One 
commercial standard calls for the combination of six 
such mastergroups. 

It can be seen that the resultant signal that is finally 
transmitted will be quite complex. It requires exten¬ 
sive frequency modulation detection, and the modu¬ 
lation for any given channel is effectively distributed 
across the entire transmitted spectrum. This system 
was the standard for many years because of the rela¬ 
tive ease of modulating a tube microwave system 
with fm signals. In later years TDM techniques have 
proven more desirable. 

With the advent of low-cost digital integrated cir¬ 
cuits, TDM systems have been able to demonstrate 
distinct advantages at an over-all reduction in price 
over analog techniques. Standards have been devel¬ 
oped to modulate the audio signals from a telephone 
and process them through the complete telephone 
exchange and send them out on long-distance micro- 
wave links, still in digital form. 

One form of TDM gaining wide commercial accep¬ 
tance calls for the combination of a group of audio 
signals, reduced to PCM data streams, onto a single 
PCM signal at a rate of 1.544 megabits per second 
(1.544 x 10 6 binary digits per second). These signals 
can then be further combined into larger PCM sys¬ 
tems before transmission. 

Commercial systems are also being created to han¬ 
dle digital information; that is, information which is 
already in digital form, using PCM networks. This 
technique is ideal for computer or teleprinter traffic. 
Systems have been demonstrated that allow signals 
of various data rates to be supported by a common 
system. The possible uses of such a system are limit¬ 
ed only by the imagination of the users. 

Amateur applications 

Now that we have seen the different multiplex sys- 
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terns and how they are being used commercially, 
how can we as hams make use of them? Many possi¬ 
ble applications are with us now, and many more are 
just a short time away. 

Traffic nets. Let's look at the possible applications 
in the Amateur traffic nets. For years the Navy has 
used a form of high-frequency radioteletype broad¬ 
cast. In this system the traffic for a whole group of 
ships is transmitted over a common VFCT. This VFCT 
multiplex group is even relayed to various points and 
retransmitted in its entirety to enable reception over a 
larger area. In this way. Amateur traffic for a large 
area could be transmitted over one VFCT system. 
Individual channels could be designated for certain 
sub-areas or for a particular net handling a certain 
type of traffic. Confirmations could be received over 
a different frequency in duplex fashion, and channels 
could be designated as reroute channels for traffic 
that was earlier transmitted and not confirmed. With 
a network of such VFCTs, the different traffic areas 
could be interconnected. In the long run, a computer 
could be used to receive the messages on individual 
circuits then combine them into the VFCT and wait 
for confirmations. It would determine either inde¬ 
pendently or with manual direction which route to 
send the message. 


Repeater links. Another possible Amateur applica¬ 
tion is the interconnection of a group of repeaters. In 
this system users could select, through a remote- 
control system, which of the repeaters would be 
interconnected. A multiplex link could be provided 
from each of the repeaters in the group to each of the 
others. The control system would then decide which 
of the multiplex channels to interconnect. The multi¬ 
plex system itself could use either the FDM or TDM 
techniques described above. 

Now we can examine some firm proposals for such 
a repeater interconnecting multiplex system. TDM 
systems are taking over as the preferred method in 
the commercial field and would probably be best for 
us to use as well. TDM has some very real advantages 
for our uses. Foremost is its capability to support var¬ 
ious data rates in one TDM system. This would allow 
normal voice repeaters to be connected to other simi¬ 
lar repeaters in the system as well as provide separate 
channels for signaling applications. These signaling 
channels could use much lower data rates than those 
required for voice yet provide superior interconnect¬ 
ing control reliability. The same TDM system could 
also support interconnections of RTTY repeaters. 
Many RTTY channels could be placed in the same 
space as that required for one voice channel. In the 
long run, the same TDM system could support televi¬ 
sion repeaters. The video and audio signals could be 
digitized and transmitted as just another TDM com¬ 
ponent. 

Hardware and bandwidth considerations. TDM 
equipment from commercial manufacturers is pres¬ 
ently quite expensive, and few or no surplus sources 
exist. Fortunately, though, the equipment is fairly 
easy for Amateurs to construct to their specifica¬ 
tions. The primary ingredients are digital integrated 





fig. 9. Example of TDM time-frame exchange at a par¬ 
ticular repeater station. The incoming and outgoing 
TDM time frames at Station 3 are depicted in (A) and (B) 
respectively. 
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circuits, which are not all that expensive. Also, their 
use is fairly well understood by many Amateurs. 
About the only disadvantage to the use of TDM is the 
need to place the TDM signal on an Amateur frequen¬ 
cy where pulse transmission is permitted. In general, 
the spectrum bandwidth necessary to transmit the 
digital representation of speech is wider than that re¬ 
quired to transmit a normal amplitude-modulation 
representation. 

Fig. 8 shows how some of these repeaters could 
be interconnected. This is just an example of the way 
the interconnection would be made. Many more 
repeaters of all types could be provided, rather than 
the limited number shown. Let's consider how this 
would be put in use to provide interconnections for 
twenty repeaters all along the West Coast. 

Suggested repeater interconnection system. 
Each repeater would have the primary capacity of 
operating as an independent repeater — just as an 
existing repeater would do now whether the modula¬ 
tion is audio, RTTY, or television. In addition to this 
capability, each repeater would have a microwave 
radio transmitter and receiver, which would provide a 
link to the TDM interconnection. The microwave 
equipment would transmit all the TDM channels just 
as they had been received except for a) one channel 
designated as the incoming channel, and b) one 
channel designated as the outgoing channel for that 
particular repeater. On those channels, the multiplex 
equipment would demodulate the incoming signal 
and modulate the outgoing one. This in itself would 
be a tremendous advantage over FDM systems. 

In FDM systems, a separate modulator system 
would be required for each channel, when in fact 
only one channel would be used at a particular time. 
This requirement exists because the individual chan¬ 
nel modulators would have to be tuned to the sub¬ 
carrier to be used. It would be very difficult to have 
the system function with a single modulator that 
would be somehow made to retune to the desired 
channel. In a TDM system, all that is required is that 
the system wait for another period of time before 
extracting or inserting the desired channel informa¬ 
tion from the TDM frame. A single-channel TDM mul¬ 
tiplexer and demultiplexer would be all that the sta¬ 
tion required. As an alternative, a second channel 
could also be used for signaling, both incoming and 
outgoing. This channel would be shared by all the 
stations and be a common signaling channel. Fig. 9 
shows an example of the TDM frame received and 
transmitted at a particular station. 

Note that in fig. 9 the only real change in the frame 
is the contents of the TDM channel designated for 
Station 3 out. Station 3 combines the signal coming 
into the station on the Station 3 in channel with the 


normal output of the repeater. In this method, all the 
switching is done at the station originating the inter¬ 
connection. Let's look at how this action would be 
performed. 

Operation. To initiate the process, a user would call 
in to the repeater connected to the system that 
would be most easily accessed. Upon hearing no 
traffic on the repeater, the user would initiate the 
control sequence requesting the interconnection. 
This could consist of Touch-Tone™ digits for the 
address of the repeater requested. A TDM system at 
the repeater used by the caller would then select the 
channel from the TDM frame that carried the infor¬ 
mation for the requested repeater's output channel. 
This would be connected to the normal downlink 
transmitter from the originating repeater. The system 
would also transmit a short tone on the downlink 
from the repeater to indicate that the interconnection 
had been made. It would then connect the input sig¬ 
nal from the user to the originating repeater to the in 
channel on the TDM frame for the requested 
repeater. When traffic is heard on the requested 
repeater, the user could make the call. Or, the user 
could just listen to the distant repeater and make no 
call — just wait for his party to show up. 

Other uses. In the long run the system could be 
standardized, and even the frequencies of the 
repeaters themselves could be reused. This would 
allow a user with a small crystal-controlled handheld 
radio to access the system from many of the repeater 
locations and communicate through the entire 
system. 

The uses of such a repeater interconnection are 
again limited only by our own imagination. It would 
be possible to interconnect many different types of 
repeaters with the same TDM network, as shown in 
fig. 8. A repeater that had become a part of the sys¬ 
tem (and had a microwave TDM system with a radio 
relay) could decide not to participate for some 
reason. All that would be necessary to remain out of 
the interconnection net would be to block the output 
TDM channel from that station. 

The system could also be used to provide a very 
wide area of autopatch access for participating sta¬ 
tions. This could be of tremendous value in remote 
areas during disasters. When normal commercial 
telephone communications are lost in an area, the 
interconnection system could be used to access an 
autopatch at any of the participating repeaters. 

In the Amateur traffic area, such a system could 
have great value. The system could support data to 
many different points at very different data rates in 
an automated teleprinter traffic environment. Partic¬ 
ular nodal stations could guard a given TDM channel 
and relay the traffic into other traffic nets, either with 
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high-frequency radio or VHF into repeaters within 
range of the nodal station. A high-volume nodal sta¬ 
tion may be assigned a 1200-baud circuit, with a 
single 75-baud circuit assigned to a station with rela¬ 
tively light traffic loads. Dedicated channels could be 
used to transmit traffic to a nodal station through 
various other transmission media. 

With all the advantages such a system could pro¬ 
vide, there are many other factors that would indi¬ 
cate that now is the time for the Amateur community 
to begin operations. The technology is now available 
to construct a TDM system with relative ease. Prob¬ 
lems that had proven just too costly to deal with in 
the past have been overcome with integrated cir¬ 
cuits. Such a TDM system is well within the realm of 
Amateur construction. 

The Federal Communications Commission has 
recently taken very permissive views toward regula¬ 
tion. Many of the restrictions that had previously 
eliminated repeater interconnections have been done 
away with. It remains up to us to put the system in 
operation and work out any technical details — after 
all, that is one of the goals of Amateur Radio. The 
opportunity exists for us to demonstrate the capabili¬ 
ty of such a system for commercial use. So what are 
we waiting for? 

As in all modes, the increased communications 
possibilities open questions of how to use them, 
which will have to be worked out by the using groups 
— political problems. The basic philosophy of how 
the system will be used will have to be determined. 
Some groups will welcome wide use by visitors, for 
instance, while others will wish to receive the bene¬ 
fits of their investment themselves. This is nothing 
new to us. It just provides many more possibilities for 
increased technical capabilities and increased public 
service. 
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radio waves 

How fast does a radio wave travel, 
at the speed of light or slower? — 
Eugene Gabry, WB9VTF. 

The velocity of a radio wave de¬ 
pends on the dielectric constant of 
the medium through which the wave 
travels. Air has a dielectric constant 
of unity, and radio waves travel 
through this medium at a speed very 
near to that of light in a vacuum, 
which is approximately 186,000 miles 
per second (3 x 10 s meters per 
second). 

In a medium that has a dielectric 
constant greater than unity, the radio 
wave travels at a lower velocity. For 
example, coaxial transmission line 
using polyethylene foam insulation 
has a dielectric constant of about 
1.08, so radio waves propagate 
through this coax at something less 
than the speed of light through a 
vacuum. Thus when determining the 
electrical length of a transmission 
line, the velocity of propagation of 
the radio wave through the line, as 
well as other factors, must be taken 
into account. 

FCC rules 

/ would like a correct interpretation 
of the FCC rules concerning third- 
party traffic. — Ralph R. Sch/ick, 
N0BOQ. 

As of this writing, the FCC rules 
pertaining to third-party traffic con¬ 
sist of section 97.79, “Control 
Operator Requirements," and section 
97.114, "Third-Party Traffic." 

Section 97.79 states: 

"The licensee of an amateur radio 
station may permit any third party to 


participate in amateur radio com¬ 
munication from his station, provided 
that a control operator is present and 
continuously monitors and supervises 
the radio communication to insure 
compliance with the rules." 

Section 97.114 states: 

"The transmission or delivery of 
the following amateur radiocommuni¬ 
cation is prohibited. 

"(a) International third party traffic 
except with countries which have as¬ 
sented thereto." 

"(b) Third-party traffic involving 
material compensation, either tan¬ 
gible or intangible, direct or indirect, 
to a third party, a station licensee, a 
control operator, or any other 
person." 

The FCC has proposed a revision 
of all the rules governing the 
Amateur Radio service, including 
those quoted above, in an effort 
to make them more understand¬ 
able. Called the "plain-language" 
revision (Docket 80-729), the new 
rules might well become effective 
in the foreseeable future. 

Reading the sections regarding 
third-party traffic in the existing rules, 
it is easy to understand how they 
could be confusing. In its new, 
"plain-language" revision, the FCC 
has attempted to define "third-party 
messages" and has simplified the ex¬ 
isting rules. They have also added in¬ 
formation on transmitting one-way 
communications for third parties, the 
reason being that one-way communi¬ 
cations do not meet the existing defi¬ 
nition of third-party messages. Other 
changes have been made to make the 
proposed rule consistent with Article 


41 of the ITU rules, which refers only 
to the transmission of third-party 
communications being prohibited. 

It's hoped that the new "plain lan¬ 
guage" rules will be easier to inter¬ 
pret. We'll just have to wait and see. 

SWR meter 

Is there any way to troubleshoot a 
defective SWR meter without a man¬ 
ual? / knew the instrument was defec¬ 
tive after having placed a second 
meter that / know was OK in the line. 
The meter was made in Japan and 
the only name on it is "MARS Stand¬ 
ing Wave Indicator SW- JO ." — Lewis 
/. Hegyi, N2BP0. 

Without knowing anything about 
your meter, I find it difficult to offer 
any definite advice. If it is an inexpen¬ 
sive reflectometer, it probably con¬ 
tains a bridge circuit and a meter to 
indicate when bridge balance has 
been achieved. Most are not cali¬ 
brated and therefore cannot be used 
to measure actual standing-wave 
ratio. Such instruments are generally 
used in conjunction with matching 
networks to indicate minimum re¬ 
flected voltage or power. 

Assuming there is no mechanical 
damage of components, you can 
make some simple tests to determine 
if the bridge elements are defective, 
either by substitution or by measuring 
resistance and capacitance. The re¬ 
sistors making up the bridge arms 
should be equally matched to obtain 
a good null on the meter. It's possible 
that the meter movement is burned 
out, as these simple reflectometers 
are usually designed to be operated at 
very low power. ham radio 
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CALL TOLL FREE 

800 - 521-2333 

IN MICHIGAN 313 - 375-0420 


IOWA: The Cedar Valley Amateur Radio Club’s 7tl 
nual Hamlest, Sunday, September 27, Hawkeye D< 
Exhibition Building, Cedar Rapids. Tickets: $2 (X 


movies. Talk-In 146.16-.76, .52. 2J 
reservations: CVARC Hamfost, I 
Rapids. IA 52406. 


HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 
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WHY PAY 

FULL PRICE FOR 
AN 80-10 METER 
VERTICAL 

I ... if you can use only 1/3 
L of it on 10? 

|] ... or only 1/2 of it on 20? 

I ... or only 3/4 of it on 40? 


Only Butternut's new 
HFSV-III lets you use the 
entire 26-foot radiator on 
80. 40. 20 and 10 meters 
(plus a full unloaded quar¬ 
ter-wavelength on I5| for 
higher radiation resistance, 
better efficiency and greater 
VSWR bandwidth than 
conventional multi-trap de¬ 
signs of comparable size. 
The HFSV-III uses only two 
high-Q L-C circuits (not 
trapsl] and one practically 
lossless linear decoupler for 
completely automatic and 
low VSWR resonance (typi¬ 
cally below 1.5:1) on 80 
through 10 meters, inclu¬ 
sive. For further informa¬ 
tion, including complete 
specifications on the HFSV- 
III and other Butternut an¬ 
tenna products, ask for our 
latest free catalog. If you've 
already "gone vertical," ask 
for one anyway. There’s a 
lot of information about 
vertical antennas in gener¬ 
al. ground and radial sys¬ 
tems. plus helpful tips on in¬ 
stalling verticals on roof¬ 
tops. on mobile homes, etc. 



P.O. Box #1411 
San Marcos, Texas 78666 
Phone: (512)396-4111 
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Econo-Pak resistor 
organizer 

Century Electronics offers a wide 
assortment of fixed resistors in an at¬ 
tractive and convenient storage case. 
The GL-25 Econo-Pak Resistor Or¬ 
ganizer contains 840 top-quality 1/4- 
watt resistors in forty-two of the most 
commonly used resistance values for 
the experimenter as well as for the 
shop and laboratory repairman. 

Each resistor value is packaged in 
its individual compartment, thus en¬ 
suring fast and accurate selection of 
any desired value. The compact 
Econo-Pak Resistor Organizer meas¬ 
ures only 7-1/2 x 6-1/8 x 3 inches 
(19 x 15.6 x 76 cm) and is priced at 
$29.95, from the factory. Order di¬ 
rectly from Century Electronics Cor¬ 
poration, 3511 North Cicero Avenue, 
Chicago, Illinois 60641. 

isolated BNC 
dual line protectors 

Model CIO is designed to protect 
up to ten data line pairs employing 
BNC connectors that connect to com¬ 
puters, modems, terminals, and other 
sensitive electronic equipment from 
the effects of transients caused by 
lightning, switching surges, and 
heavy machinery. The protector in¬ 
terfaces between the signal lines and 
sensitive circuits to provide a sophis¬ 
ticated blend of high speed voltage 
limiting and brute force protection. 
The signal line protector recovers 
automatically to standby in prepara¬ 
tion for further protection. Clamping 
can be provided from 6 volts to 200 
volts, depending on customer re¬ 
quirements. 

The dual line protector has a clamp 
voltage to ± 50 volts (in 5-volt steps), 
an energy handling capacity of 50 
joules (min)/circuit, and a maximum 
frequency to 3 MHz. Contact MCG, 
160 Brook Avenue, Deer Park, New 
York 11729. 


Strattons. Talk-in 81/91. 16/76 and 52. For Information: 
WCARS, P.O. Box 1488, Asheville. NC 28802. 

OHIO: The 39th Annual Findlay Hamfest, Sunday, Sep¬ 
tember 13, Hancock Recreational Center, east of f-75, ex¬ 
it 161, north edge of Findlay. Prizes include a deluxe low 

much more. Tickets $2.00 advance; $2.50 gate*Tables 
$2.50 per 1/2. Saturday 5 PM to 9 PM for set-up. Sunday 6 
AM. For tickets, information and reservations, SASE to 
P.O. Box 587, Findlay. OH 45840. 

OHIO: The Original Forty-fourth Annual Hamfest, Sun¬ 
day, September 20, 1981, at Strieker's Grove on State 
Route 128, one mile west of Venice (Ross) Ohio. Ex- 

den transmitter hunt and sensational air show. Admis¬ 
sion and registration $4.00. For information: Lillian Ab¬ 
bott, K8CKI.317 Greenwell Road,Cincinnati. Ohio 45238. 

OHIO: The Cleveland Hamfest Association’s seventh 
annual Hamfest, Sunday, September 27, Cuyahoga 
County Fairgrounds, Berea, 0800 to 1500. Indoor exhib¬ 
its, forums, ladies’ program and outdoor flea market. 
Three main prizes and a mobile check-in prize. Talk-in on 
146.52 with W8QV. Advance tickets $2.50 prior to August 
31. $3.00 door. Cleveland Hamfest Association, P.O. Box 
27211, Cleveland, OH 44127. 

OREGON: The Walla Walla Valley Amateur Radio Club’s 
35th annual Hamfest, Saturday, September 26 and Sun¬ 
day, September 27, Milton-Freewater Community Build¬ 
ing. Over 100 prizes, Swap Shop both days, displays. 
Free registration. 52-52, 19-79, 04-64, 28-88, 16-76 and 
3960 KC monitored. For further information: W7DP, 
Walla Walla Valley ARC, P.O. Box 321, Walla Walla, WA 
99362. 

PENNSYLVANIA: The Uniontown Amateur Radio CJub’s 
annual Gabfest, Saturday, September 12, Old Pittsburgh 
Road, oft Route 51/119 bypass, Uniontown, 40 miles 
south of Pittsburgh. Pre-registration $2.00 ea./3 for $5.00. 
Nice prizes. Free swap and shop set-ups/own tables. 
Starts at noon. Free parking. Talk-in on 147.045/.645 and 
146.52 simplex. For information and pre-registration; 
U.A.R.C. Gabfest Committee, John T. Cermak, WB3DOD, 
P.O. Box 433, Republic, PA 15475. 

PENNSYLVANIA: The26th annual York County Hamfest, 
Sunday, September 27. York Fairgrounds, York. 8 AM 
registration $3.00. Tailgating $2.00. Inside tables $5.00 
Fly-in to York Airport. Hourly limo service to Hamfest be¬ 
ginning 9 AM. Hourly door prizes drawn beginning 10 
AM. QSL contest. Talk-in on 146.37/97 or 52/52 simplex. 
For more info: Leroy Frey, 170 S. Albemarle Street, York, 
PA 17403. (717)854-1203. 

PENNSYLVANIA: The Skyview Radio Club’s Swap and 
Shop, Sunday, September 27, 12 noon to 4 PM, Sokol 
Camp, 700 Wild Life Road, Lower Burrei. Rain or shine 
(plenty of shelter in case of rain). Refreshments avail¬ 
able. First prize winner need not be present. Check-in on 
04-64. Registration $1.00/gate. XYLs, YLs and children no 
charge. For information: Jim Jackson, K3VRU, RD #1. 
Box 7A, Apollo, PA 15613. 

PENNSYLVANIA: The Pack Rats fifth annual Mid- 
Atlantic States VHF Conference October 3, Warrington 
Motor Lodge, Rt. 611, Warrington. Advance registration 
$3.00, $4.00 door includes admission to HAMARAMA 
flea market October 4, 8 AM to 4 PM, Bucks County 
Drive-in Theater, Rt. 611, Warrington. Flea market only 
$2.00. Tailgating $3.00 per space, own table. Talk-in 
W3CCX on 52. Information: Ron Whitsel, WA3AXV, P.O. 
Box 311, Southampton. PA 18966. (215) 355-5730. 

SOUTH CAROLINA: The York County Amateur Radio 
Society's 30th annual Hamfest, Sunday, October 4, Jos- 
lln Park, Rock Hill. For information and registration: 
Y.C.A.R.S., P.O. Box 4141CRS, Rock Hill, SC 29730. 

VIRGINIA: ARRL Roanoke Division Convention Septem¬ 
ber 26 and 27 in the Virginia Beach, Virginia Pavillion. 
Free transportation to the oceanfront where the Nep- 

given to those sending form 610 request in advance. Ad- 

er. Flea market tables, $5 day, $7 both days. TRC PO Box 
7101, Portsmouth, Virginia 23707.804-587-1695. 


OPERATING EVENTS 

“Things to do...” 


SEPTEMBER 7: The Tri-County ARC will be operating a 
special events station from Clark, Missouri, birthplace of 
the late 5-star General, Omar N. Bradley, 10 AM to 6 PM, 


CALL 

TOLL 


For the best deal on 

•AE4»Alliance»A mec o»Apple-ASP 
•Avanti*Belden»Bench er*Bir d*C0E 

• CES*Com municatl ons Specialists 
»Collins.Cushcraft.Oaiwa.OenTron 

• Drake»Hustler*Hy Gain*lcom*IRL»KLM 

• Kenwood* Larsen* Macrotronics* MFJ 

• Midland* Mini-Products* Mirage* Mosley 

• NPC*Newtronics*Nye*Panasonic 

• Palomar Engineers*Regency*Robot 
•Shure*Standard*Swan* Tempo 

• Ten-Tec*Transcom*Vaesu 

SEPTEMBER'S 

SPECIALS! 

IC0M IC-720A all-band Xcvr... 

Now in slock!_$1199 

TENTEC ARGOSY all-band HF 

Xcvr, only-$499.95 

YAESU FR-101ZD Xcvr, old 

model, special_$749.95 

IC0M IC-2A Hand-Held... 

Limited Special-$219.50 

MIRAGE B-23 2-meter 2/30 W 

FM/SSB linear_$79.95 

APPLE Disk Based System: 
Apple II or II Plus with 48k 
RAM installed, Disk II with 
controller, DOS 3.3 -$1899 
APPLE Game Paddles available 
Quantities limited... all prices subject to 
change without notice 
We always have an excellent 
assortment of fine used equip¬ 
ment in stock... Come in or call 

Erickson is accepting late model 
amateur radio equipment for service: 
full time technician on duty 

CALL TOLL FREE 

(outside Illinois only) 

( 800 ) 621-5802 


ERICKSON 

COMMUNICATIONS 
Chicago, IL 60630 

5456 North Milwaukee Ave. 
(312) 631518 1 1 within Illinois) 


More Details? CHECK-OFF Page 98 
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Fll/E BAND bari 
TMP DIPOLE 


BARKER & WILLIAMSON 
C MODEL 370-11 




five amateur bands 

WITH ONE ANTENNA 

Rugged construction at low cost 

Five bands 80,40.20,15 and 10 meter operation with one 

antenna. 

Complete with 50 ft. RG8 coax and PL259. Easy Installation. 

Only two adjustments required. Only 110 feet long. 

Handles 1000 watts- 2000 watls RE.R 

MODEL 370-13—Four band model available for 40,20,15 and 10 
meters, 55 feet long. Both above antennas available In kit form 
for the do-lt-yourself operators. 

Write for more details and other B&W products 

Barker & Williamson Inc. 

(A ZQlJm) 10 Canal St. 

Bristol. Pa. 19007 

215-788-5581 


PC BOARD BARGAINS 

GIO FR 1/16" 1 OZ. COPPER 
1 SIDE 1 ?" x 12 " PKG 01 !i $31 ?!> 

I SIDt V/Tx II'/?" PKG 01 5 $18 7!) 

? SIDE l?" x 1?" PKG Of b $3!) ?!> 

? SIDE bv«" x II'/, PKG OF b$?1 ?f> 

MARCO 

P0 l!0X 2310. WEIR10N WV 26062 



TOUCH TONE 


f The P-3 Touch Tone Encoder by Pipo consists of a 
separate keyboard and 3 different circuit boards to 
choose from, offering a variety of installation 
possibilities for the custom builder and O.E.M. 

An ultra high quality unit with non-malfunction gold ^ 
contacts, totally serviceable and self-contained. Easy 
level control, no frequency drift. 4.5-60 V.D.C. operates 
in temperatures from - 15“f to 160°f. Supplied with 
instructions, schematic and template. 

12 Key $45716 Key $49716 Key Slim Line $54. 

Callor write for free catalog and information - ' ' 



SEPTEMBER 12 & 13: The Cray Valley Radio Society ol 
Great Britain's 11th S.W.L Contest trom 1800 GMT Sat¬ 
urday to 1800 GMT Sunday. 1.8,3.5.7.14.21 and 28 MHz 


SEPTEMBER 12 & 13: The Sweetwater Amateur Radio 
Club will be conducting a mini-OXpedltion to old Ft. 
Bridger, Wyoming, September 12, 1800 GMT to Seplem- 


Wyoming and established in the mid 1800s, Is famous 
lor its early day moetings ol well-known explorers and 
mountain men ol that time. Frequencies: ± 5 kHz, 7.250. 
3.950, 14.300, 21.400, 28.580. CW frequencies will be an¬ 
nounced on phone Irequencies. A special certillcate, de¬ 
picting the old fort, will be awarded lor each contact. A 
donation of $1,00 is requested lor printing, handling and 
mailing. Mall QSLs to: KB7LZ. 0 L. Zwemke, 1010 
Bridger Dr.. Green River. WY 82935. 


14.200 ± 5 kc. Call signs: WB9VEL, WD9FGD. W09FGI, 
W09IBF, N9AEE, N9BBE. N9BCC. Certificates to the 
llrst 500 contacts on rec eipt ol yo ur QSL. 

SEPTEMBER 28 & 27: The Portland (Maine) Amateur 
Wireless Association's OSO Parly, 2300Z Saturday to 
2359Z Sunday. Suggested frequencies: CW: 1805 and 55 


14280, 21380. 28580 kHz. Novice: 3720. 7120. 21120. 
28120. Mall entries by December 1 to: PAWA. Box 1605. 
Portland. Maine 04104. 

SEPTEMBER 28: The Schenectady Amaleur Radio Asso¬ 
ciation wilf operate a special event station, K2AE, com- 

Mohawk & Hudson Railroad. Time: 1600Z Saturday to 
1700Z Sunday. Frequencies: 7235, 14285 and 21360. 
Amateurs desiring QSL Irom contact with K2AE SASE to 


SEPTEMBER 26: The twelfth annual Delta OSO party 
sponsored by |he Delta Division of the ARRL from 1800Z 
Sepl. 26 to 2400Z Sept. 27. Suggested frequencies: CW: 


SEPTEMBER 26 & 27: The Beaumont (Texas) Amateur 
Radio and Repeater Club's station, W5RIN, will be oper¬ 
ating during the 80th anniversary of Splndletop, the fa¬ 
mous Lucas gusher.Times for both days 1700Z to 2300Z. 
Time allotted for CW in the tow 25 kHz of the Novice 
10-15-40 meter band Phone contact In |he low 25 kHz of 
the General portion ol 10-15-20-40 meter band. Listen lor 
CO Splndletop on phone and CQ SP on CW. For a beauti- 

send QSL and Si. 00 to Certificate Manager. BAR&RC, 
3090 S. Major Drive. Beaumonl. TX 77707. 


UTC October 10 lo 1700 UTC October 11. Applicants 
award send llsl ol contacts lo: P.O. Box 42792. Chicago. 


clubs have lists ol members or SASE to American Radio 
Relay League. Sally O'Dell. Youth Activities Oirector. 225 
** _ in St., Newington, CT 06111. Time: Generally 0001 









products 


vertical, fixed-station 
antenna 

The new Hustler 220-MHz vertical 
fixed-station Amateur antenna, des¬ 
ignated the Model G7-220, has 7-dB 
gain for both transmitting and receiv¬ 
ing, making it the most powerful om¬ 
nidirectional 1-1/4 meter antenna 
available,. The all-new design of the 
Hustler G7-220 antenna keeps the 
signal radiation pattern at the lowest 
possible angle to the horizon for max¬ 
imum efficiency and longest range. 

The Model G7-220 has an SWR of 
1.5:1 across its entire 5-MHz band¬ 
width, with SWR at resonance of 
1.2:1 at the antenna. The radiating 
element of the Hustler G7-220 is dc 
grounded and the antenna has a 50- 
ohm base impedance. 

The G7-220 weighs 7 pounds and is 
easily mounted on any capable verti¬ 
cal support up to 1-3/4" OD. Wind 
loading of the antenna is only 26 
pounds at 100 mph velocities. 

The Hustler G7-220 MHz (1-1/4 
meter) Amateur vertical fixed-station 
antenna has a suggested list price of 
$142.95 and is available now. For fur¬ 
ther information write Sales Depart¬ 
ment, Hustler, Inc., 3275 North B 
Avenue, Kissimmee, Florida 32741. 

Kantronics varifilter 

You can vary the frequency and 
the bandwidth of the Kantronics Vari¬ 
filter,™ a new addition to the "fam¬ 
ily-design line" of products. The vari¬ 
filter can be set to maximize one sig¬ 
nal (peaking), or to minimize an inter¬ 
fering signal (notching), and it works 
with CW, single-sideband, and a-m 
signals. The varifilter circuitry is de¬ 
signed to provide optimum results 
without ringing, oscillating, or insta¬ 
bility. 

The bandwidth is variable from less 
than 30 Hz to over 1000 Hz. The fre¬ 
quency range runs from less than 150 
Hz to over 3000. Once it has been set, 



CRYSTALS & KITS/OSCILLATORS • RF MIXERS • RF AMPLIFIER • POWER AMPLIFIER 


OX OSCILLATOR 

Crystal controlled transistor type. 3 to 20 MHz, OX-Lo, Cat. No. 
k 035100.20 to 60 MHz, OX-Hi, Cat. No. 035101. 


MXX-1 TRANSISTOR RF MIXER A 

A single tuned circuit intended for signal conversion in the 3 to 170 J8S" 
MHz range. Harmonics of the OX orOF-1 oscillator are used for gw 
Injection in the 60 to 170 MHz range. 3 to 20 MHz, Lo Kit, Cat. No Jr (T 



0F-1 OSCILLATOR 

Resistor/capacitor circuit provides osc over a range of freq with 
the desired crystal. 2 to 22 MHz, OF-1 LO, Cat. No. 031108,18 
to 60 MHz, OF-1 H Cat. No. 035109. 

Specify when ordering. $5.42 ea. 



PAX-1 TRANSISTOR RF POWER AMP 

A single tuned output amplifier designed to follow the OX 
oscillator. Outputs up to 200 mw, depending on frequency 
and voltage. Amplifier can be amplitude modulated 3 to 30 
MHz, Cat. No. 035104. ( 

— Specify when ordering. $7.34 ea. 


tte. JSAX-1 TRANSISTOR RF AMP 

■VA small signal amplifier to drive the MXX-1 Mixer, Single tuned 
V -At Jr input and link output. 3 to 20 MHz, Lo Kit, Cat. No: 03512.20 to 
l fj 170 MHz, Hi Kit, Cat. No. 035103. 

Specify when ordering. $7.02 ea. 


BAX-1 BROADBAND AMP 

General purpose amplifier which may be used as a tuned or 
untuned unit in RF and audio applications. 20 Hz to 150 MHz ‘ 
with 6 to 30 db gain. Cat. No. 035107. 
Specify when ordering. $7.34 ea. 


.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS (HC 6/U Holder) 

Cat. No. Specifications 

031080 *3 to 20 MHz — For use in OX OSC Lo $6.8f 
031081 *20 to 60 MHz — For use in OX OSC Hi $6.8f 
031300 *3 to 20 MHz —For use in OF-1 L OSC $6.81 
031310 *20 to 60 MHz — For use in OF-1 H OSC $6.81 
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the bandwidth will remain constant 
regardless of changes in the frequen¬ 
cy-range setting. This feature has not 
been readily available in variable fil¬ 
ters until now. 

The varifilter has its own internal 
power supply which is switchable 
from 115 Vac to 230 Vac. It is able to 
run from 12 to 18 Vdc as well. Each 
unit has .3 tuning eye that lets the op¬ 
erator see when he has filtered the 
signal he wants to. 

A full-year warranty backs the vari¬ 
filter. It is available from Kantronics 
dealers and from the factory. Sug¬ 
gested retail price of the varifilter is 
$139.95. 

For further information contact 
Kantronics, Inc., 1202 E. 23rd Street, 
Lawrence, Kansas 66044. 

mobile antenna 

Avanti Communications has re¬ 
cently modified its 5 dB gain on-glass 
mobile antenna designed for use in 
two-way and Amateur Radio commu¬ 
nications. 

The new 3/4-meter, 410-512 MHz 
AP450.5G featues a straight 30-inch 
whip with a small center-position 
phasing coil. By popular request the 
former loop section has been elimi¬ 
nated and replaced with a small, sleek 
coil measuring only 1-1/2 inches in 
length and a maximum diameter of 
3/8-inch, making it the smallest UHF 
5-dB-gain whip and phasing coil com¬ 
bination on the market. 

As with each of Avanti's on-glass 
communications antennas, the new 
AP450.5G offers improved perform¬ 
ance, requires no holes be drilled, 
features shorter installation time, and 
requires no metal ground plane. Thus 
it may be used in many more applica¬ 
tions than conventional mobile anten¬ 
nas. 

For more information contact 
Avanti Communications, 340 Stewart 
Avenue, Addison, Illinois 60101. 


QRZ WVs, W2’s and W3’s... 

LOOKING FOR AEA PRODUCTS 
IN THE NORTHEAST? 

LOOK TO RADIOS UNLIMITED... 
NEW JERSEY’S FASTEST GROWING 
HAM STORE! 

Gel your hands on AEA's great keyers huge slock ol ham gear). and try before 

and Isopale anlennas al Radios Unlimited, you buy! We don't mean a little olf-fhe air 
You can reach us easily via the Jersey diddling with the keyer we let you PUT 

Turnpike, and when you gel here you can IT ON THE AIR AND HAVE A QSO ...really 
TRY BEFORE YOU BUY al our mslore check il oul under YOUR kind ol operating 

operalmg position Yes 1 Pick oul any AEA conditions., then decide We know AEA, 
keyer. (or any other equipment Irom our and we know you'll select one ol these: 



Conlesl Keyer with 500 character 
- soil message partitioning, auto, 
ial number, and much, much more. 

Morse Keyer with selectable dot & 

bug mode and more. . 

call lor super low price 1 
KT-1 Keyer Trainer with all the teatures ol 

1-1 MorseMalic™ memory keyer with call lor super low price 1 

micorcomputers and 37 lanlastic lea- MT-1 Morse Trainer lor pulling up that code 
. . us including up lo 2000 characters ol speed the easy way with automatic speed 

i : §* memory plus virtually every capability of all increase, live letter or random word length 
^■ihe other keyersS trainers listed below and more. more, more 

* call lor super low price 1 call lor super low price’ 

_ % \S THE exciting isopoles that are 

loV* BOOMING OUT THOSE INCREDIBLE 
VHF SIGNALS WITH MAXIMUM GAIN 


I ATTAINABLE, ZERO 
w DEGREE RADIATION 
ANGLE AND 1.4:1 
SWR ACROSS THE 
ENTIRE BAND! — 


Isopole 144. 

Isopole 220. . ca " 'Of- 

Isopole 144 junior. super-low 


Find them all at Radios Unlimited, plus a huge collection 
ijor manufacturers...a big selection of used equipment bare 
J ' ‘ :s. accessories, operating aids, coax, connectors: 


I modern service department d 
I Ilea market! For directions, < 
I (201)469-4599. 

FIND AEA 

AT 


DDGJLCDCD-iJEG) 

1760 EASTON AVENUE, SOMERSET, NJ 08873 • (201)469-4599 


Iron Powder and Ferrite 

TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

AM, °^U Since 1943 fiS* 

12033 Otsego Street, North Hollywood, Calif. 91607 



in Germany EiewromKiaden. Wilhelm — Melhes Sir 88 4930 Qelmold >8 West Germany 
In Japan Tjyomijra Electronics Company, Ltd 7-9 2-Cnpme Sola-Kanfla Ch.yoda-Ku Tokyo. Japan 
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f Observation 
& Opinion 




From time to time I tune across the Novice bands just to see what's going on and to learn how the 
beginners are developing their operating skills. I sometimes fire up my rig and work a few Novices. In 
most cases the Novices appreciate a more experienced CW operator invading their territory, espe¬ 
cially if the latter is patient and understanding. I recommend that all experienced CW operators take 
the time to work a few Novices. It's a welcome change from fighting the pile-ups and gives a sense of 
accomplishment, especially if you've helped a Novice improve his code proficiency and operating 
procedures. 

Listening on the Novice frequencies can be an interesting experience. The Novice portion of the 
40-meter band is a good example. Here you'll find some operators who are pretty good — their send¬ 
ing, although not fast, is clear and clean, and their operating techniques are on a par with those of 
many General-class operators. A few have electronic keyers or keyboards, but most plod along with 
a straight key. At the other end of the scale, you'll find Novices who just can't seem to break bad 
operating habits. This is where an experienced CW operator can really help, but it takes a lot of 
patience and, above all, tact. 

Many Novices don't know what to do after they've called CQ. The over evening I heard a station 
sending CQ continuously at a rapid rate for three minutes, followed by his call sign, which was sent 
only once. After a pause of a few seconds, the CQing started again. This was repeated for another 
three or four minutes — still no response. Then I tuned up the band a few kilohertz, and there was 
another Novice calling CQ. The same pattern was again repeated — no response. All in all, I heard 
perhaps ten stations across the Novice portion of the band calling CQ. One wonders if they had their 
receivers turned on. 

Then I tuned back to the first station and there he was, still at it. When he signed this time I gave 
him a call, being particularly careful to match my sending speed to his. I signed over — nothing. 
Then, "QRZ? QRZ?" I sent my call again at his speed. Again, "QRZ?" This went on for a few min¬ 
utes, then I reduced speed to about half and the Novice finally answered. We had a pleasant contact 
for a while, with the Novice sending at a considerably slower rate than before, complete with all the 
punctuation marks. 

I mentioned earlier that many Novices don't know what to do after calling CQ. I find that many 
Novices, after returning to the receive mode, don't tune around their transmitting frequency. Appar¬ 
ently they expect the replying station to be exactly on their transmitting frequency, which is unlikely 
in many cases. If the Novice is using a sharp CW filter in the receiver, the answering signal could be 
outside the receiver i-f passband and will never be heard. 

The best answer to the CQ problem is don't. Old-timers will recall a filler cartoon that used to run in 
QST years ago. It showed a mama cat walking along the top of a fence, followed by three kittens. 
The caption was, ''If you wanna get results, you gotta make calls!" Not only did it mean CQ calls but 
also calls to other stations. 

Another recollection of bygone days is the series of pieces in QST by T.O.M. (The Old Man). 
T.O.M. loved to write about "Rotten Radio." His poignant prose was directed to everything from 
rotten spark sets to rotten operating. I think we could use more of T.O.M.'s scathing criticism. Al¬ 
though he wrote in a humorous vein, there was a lot of truth in his observations. I'll bet if T.O.M. 
were alive today, he would endorse my sentiments about the operating practices of some of our Nov¬ 
ices. I feel it's the responsibility of the higher-class operators to give a little of themselves to assist 
those Novices that need help. 

Alf Wilson, W6NIF 
editor 
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filter design 

Dear HR: 

I am writing to tell you that I en¬ 
joyed reading the "Rf Power Meter" 
article by Ralph Fowler, N6YC, that 
appeared in the June issue. I was par¬ 
ticularly interested in Mr. Fowler's 
discussion of the directional bridge 
and its associated accessories. I 
noted that several of Mr. Fowler's ac¬ 
cessories were lowpass and bandpass 
filters, and he referred the reader to 
the ARRL Handbook for lowpass filter 
construction information. In my opin¬ 
ion, there are more useful references 
than the ARRL Handbook for the de¬ 
sign of the seven-pole LC lowpass fil¬ 
ters used by Mr. Fowler, and I wish to 
bring these references to the atten¬ 
tion of Mr. Fowler and the readers of 
ham radio. 

Since 1972, I have had many arti¬ 
cles published on passive LC filter de¬ 
sign (references 1 through 8) in which 
tables of pre-calculated designs re¬ 
quired only standard-value capacitors 
to simplify construction. The most re¬ 
cent article 5 on this design aid was 
published in the January 7, 1981, 
issue of EDN. I recommend this last 
reference to Mr. Fowler and your 
readers for the expeditious design 
and construction of the seven-ele¬ 
ment lowpass filters mentioned in the 
article. (Table 2 of the reference is 
probably more useful for Amateur 


Radio applications than is table 1). 

For example, on page 59 of his arti¬ 
cle, Mr. Fowler states he uses 
"seven-pole LC lowpass filters with 
cutoffs at 5.8, 9.6, 15.7, 23.1, and 
30.4 MHz" to attenuate the harmonic 
amplitudes of his signal generator. 
These designs can be conveniently 
selected from my table 2 and only 
standard-value capacitors are need¬ 
ed. Also, all of the messy calculations 
are eliminated. For the previously 
listed cutoff frequencies used by Mr. 
Fowler, I suggest Filter Designs #207, 
232, 138, 162, and 173, respectively. 
These designs have reflection coeffi¬ 
cients of less than 9.2 percent, and 
they should perform satisfactorily in 
this application. I will be happy to 
provide anyone with a copy of my ar¬ 


ticle if they send me a stamped, self- 
addressed envelope. 

To further demonstrate how stan¬ 
dard-value capacitors can simplify fil¬ 
ter design and construction, I have 
made minor modifications to Mr. 
Fowler's 5.3-MHz Butterworth band¬ 
pass filter (fig. 9, page 61 of his arti¬ 
cle). The Butterworth design was 
modified into a Chebyshev design 
that is easier to construct, and the 
passband and stopband performance 
of the two designs is very similar (see 
my fig. 1 of bandpass filter re¬ 
sponses). (The Chebyshev design 
was based on my tabulation of pre¬ 
calculated five-element lowpass fil¬ 
ters that was published in June, 1978 
— see reference 6.) Note that the in¬ 
ductor values of the two different de¬ 



fig. 1. Calculated bandpass filter responses based on an 
inductor Q of 100 at 5.3 MHz. 



signs are very similar, and therefore 
the inductors of the Chebyshev de¬ 
sign should be just as feasible to ob¬ 
tain as the Butterworth designs. If the 
bandwidth of the filter is made too 
small, the ratio of inductance values 
(L2 to LI,5) will become too large, 
thus making it difficult to get good in¬ 
ductor Q and proper filter perform¬ 
ance. The filter bandwidth selected 
by Mr. Fowler seems reasonable from 
a construction and performance 
viewpoint. Capacitor values C2 are 
similar 470 pF compared with 75 pF) 
but Cl,5 and C3 are quite different. 
This difference is a consequence of 
changing the Butterworth design into 
a Chebyshev design. Mr. Fowler's 
center frequency of 5.3 MHz was 
slightly increased to 5.42 MHz to 
make C2,4 come out to a standard 
capacitor value (75). 

Mr. Fowler was correct in his con¬ 
cluding sentence that "improvements 
doubtless can be made," and this I 
have attempted to demonstrate as far 
as the passive LC filter design aspect 
is concerned. I am grateful to Mr. 
Fowler for taking the time and effort 
to write his articles, and I thank ham 
radio for publishing them. I hope to 
read many more similar articles which 
will assist me and others in improving 
our technical expertise. 
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Join him in the incredible world of electronics with NRI’s all-new 
training in the career of the future... Electronic Design Technology. 



It's an electronic world we live in. And the 
designers of electronic circuits, controls, and 
systems are the people who are shaping it. Take 
your place in this exclusive company with f ' 
exciting new training from NRI. 

You can learn Electronic Design 
Technology at home, in your spare time. 
Without quitting your job, tying up your 
evenings at night school, or wasting gas' 
traveling to classes. Because NRI 
comes to you, makes you a class 
of one with a complete, effec¬ 
tive, low-cost learning pro¬ 
gram designed exclusively 
for home study. You get 
it all...at your 
convenience. 

Hands-On 
Training 

NRI trains 
you for action. 

You get real-life 
experience that 
builds priceless 
confidence, gives 
you working knowledge of lab practices and 
techniques. It's all built into the NRI Design 
Lab* a complete combination of equipment, 
hardware, training, and reference materials. 
You'll design your own circuits from the very 
beginning, progressing from basic passive net¬ 
works through key circuits like power supplies, 
amplifiers, oscillators, digital and logic circuits, 
phase-locked loops and more. You'll move 
on to linear and digital integrated circuits, the 
heart of modern electronic equipment. You’ll 
prototype your designs and verify operation, 
learning professional test and measurement 
procedures as you progress. 

Professional Equipment Included 

All the way, you work with professional- 
quality instruments like Ihe Beckman 6-func¬ 
tion, 26-range LCD digital multimeter. It gives 
you fast, accurate measurements of voltages, 
currents, and resistances, even forward voltage 
drops across in-drcuit diodes and transistors. 

You'll breadboard your designs on the 
unique NRI Circuit Designer. It features 
built-in multiple power supplies, variable 
signal generator, logic switches and LED 


indicators. It handles almost any circuit you can 
design... linear and digital integrated circuits as 
well as discrete components such as transistors 
and diodes. 

Analysis and design work is speeded 
jWith theTexas lnstrumentsTI-30scientific 
calculator. This engineer's instrument 
includes full trigonometric functions, 
logarithms, square root, squares, 
powers, memory, and more. All this fine 
equipment is part of your training, yours 
to keep and use in your work. 

NRI Fast-Track 
Training 
This is the unique NRI 
lesson concept that 
simplifies and speeds 
learning. From the 
very basics to ad¬ 
vanced, state-of- 
the-art electronics, 
each lesson is espe¬ 
cially prepared for 
individualized in¬ 
struction. Each sub¬ 
ject is covered fully and thoroughly, but extrane¬ 
ous material is eliminated, language is clear and 
to the point, organization is logical and effective. 
From Fundamentals of Electronic Circuits 
through Microprocessors, your lessons are 
designed with you in mind 

No Experience Necessary 
You don't nave to be an engineer (or even 
a college student) to succeed. High school 
graduates with some algebra handle it without 
any trouble. We start you at the beginning, let 
you advance just as quickly as you're ready. We 
even include the NRI Math Refresher Module to 
help you brush up on your math and teach you 
any new concepts you may need. 

Free Catalog, 

No Salesman Will Call 
Our free, 100-page catalog gives you all Ihe 
details, including lesson outlines, equipment 
specifications, and career opportunities. Send 
for it today and find the breakthrough for your 
future. If coupon has been removed, please 
NRI Schools, 3939 Wisconsin 
., Washington. DC 20016. 







FCC'S STAFF REPORT was finally issued July 16, and the 92-page document contains a 
number of inferences and suggestions that should cause concern in the Amateur community. 
Although the report cites CB radio as the greatest single source of RFI complaints, Ama¬ 
teur Radio is almost invariably mentioned along with CB in discussions of problems and 
solutions. "The problems created by radio frequency interference (RFI) are serious and 
getting worse," the report's chapter on recommendations begins, and then in the very 
next paragraph it states, "A significant part of the RFI problem is TV receiver overload 
caused by CB radio (and to a lesser extent amateur radio)." 

Among The Proposed Solutions (to TV set overload by CB radio) are mandatory or volun- 
tary TV receiver standards and TV receiver labeling (as to performance). Another option 
would be to set a combined transmitter/receiver limited liability, which could (for the 
transmitter operator) include adding filters, limiting antenna height (or direction), 
quiet hours, or even compensating the person interfered withl Another option, even more 
onerous, would place all burden for TVI resolution on the transmitter operator. 

This Last Interference "Remedy" comes up several times in the Commission's staff re- 
port, and would certainly be very objectionable to the Amateur service. With it an Ama¬ 
teur could be forced to reduce power, move or modify antennas, avoid certain bands, or 
even give up operating entirely in order to resolve an interference problem. This al¬ 
ternative remedy does seem to have some support, however, as it comes within the present 
authority of the FCC. The alternative remedy, regulation to require better interference 
rejection by home entertainment devices, is one that would require new legislation, such 
as Senator Goldwater's bill, S929. 

A Further Notice Of Inquiry on the RFI question. General Docket 78-369, was issued 
along with the staff report. Reply Comments are due on November 16. 

SIGNIFICANT RULES RELAXATIONS have been suggested for the Amateur Service in an FCC 
working paper, "Deregulating Personal and Amateur Radio." The recently released 80-page 
document, more a "brainstorming session" of the possible directions Amateur and CB dereg¬ 
ulation might take than hard and fast proposals, was prepared by the Commission's Office 
of Plans and Policy. 

Repeater Rules Are Discussed in the paper, which suggests reducing the responsibility 
control operators have for repeater control or eliminating it completely, and changing 
the prohibitions on repeaters below 29.5 MHz. Some restrictions on third-party traffic 
could also be relaxed; the working paper is very strong on "deregulation or liberaliza¬ 
tion of restrictions that may inhibit new technology," and suggests that the rules now 
restrict or even prohibit Amateur experimentation with packet radio, spread spectrum, 
and other new communications developments. 

A Code-Free VHF License "for technically qualified applicants" might strengthen Ama- 
teur Radio's technological orientation it further suggests, along with improving utili¬ 
zation of the 28-MHz band by giving Technicians some phone privileges there. It also 
considers the possible benefits of allowing "some Amateur operations on 27 and 900 MHz 
Personal Radio Service (CB) frequencies." 

The Personal Radio Service and how it can best use the new 900-MHz band occupies 
the bulk of the working paper. The adoption of various new communications techniques 
and the expansion of personal radio into landmobile business communications, mobile 
and rural radiotelephone, and even marine radio are subjects which receive even more 
attention than the Amateur Service does in the paper. 

Though The Deregulation Ideas presented in the working paper are simply ideas at this 
time, tney deserve consideration, as they represent some recent FCC thinking. A very 
few copies of the paper were available from the Commission; reproductions are also offer¬ 
ed by Fair Press Services, (202) 463-7323, and the Downtown Copy Center, (202) 452-1422, 
at about $8.00 a copy. 

Amateurs With Comments on the working paper can contact Alex Felker, Office of Plans 
and Policy, FCC, Washington, D.C. 20554. 

ARRL HAS BEEN SUED FOR $50,000 by three members of the Indiana Radio Club Council, 
who allege in their complaint that "the defendant (ARRL) refuses to hold a recall vote" 
in the Central Division. League General Manager Dick Baldwin had acknowledged receipt 
of the Council's recall petition in a July 29 letter, in which he stated the petition 
had been put on the September 9 Executive Committee meeting agenda. 

The First Hearing on the suit was set for September 25, in the U.S. District Court 
in Indianapolis. 

A NEW WORLD LAND SPEED RECORD will be attempted starting on September 28 at the 
Bonneville Salt Flats in Utah. A special-event station with SSTV pictures of the at¬ 
tempt, being made by Thrust Cars Ltd. from England, will be active October 3, 4, 10, 11, 

17, 18, and 24 starting at 1500Z. Frequencies will be 14240 and 21340 for SSTV. and 
14290 and 21370 for SSB QSOs. Operating as WA7MTF, the Amateurs will also provide ATV 
along the 11-mile strip for crowd control. 
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trapping the mysteries 
of 

trapped antennas 


A quantitative treatment 
of antenna trap design 
and construction 

Much information is available pertaining to anten¬ 
na design and construction. Most of this information 
is written for a technically competent audience and 
addresses the problem of antenna performance 
under nearly ideal conditions. With 17 years in 
Amateur Radio, I have yet to live in a location where 
compromises are not required. One very popular 
compromise is the use of traps to achieve multiband 
operation with a single antenna. 

The use of traps in commercial designs, such as 
verticals and triband beams, has been an accepted 
technique for many years. Although design guide¬ 
lines are available, a quantitative definition of what is 
required and acceptable does not seem to exist. I 
was puzzled about trap designs and asked why a 
compromise in performance should be costly. Own¬ 
ing a transceiver that covers 160 through 10 meters, I 
wanted to use as many of the bands as possible. 
Separate antennas for each band were out of the 
question because of limited space. Having no previ¬ 
ous experience with trapped antennas, I decided it 
was the right time to gain some. 

what is required? 

I began reading assorted handbooks and college 


texts. I reviewed back issues of magazines and 
queried colleagues. I was surprised to discover how 
little information is available about traps, much less 
their use in antennas. The following information was 
derived from my research: 

1. Traps are parallel-resonant tuned circuits that pro¬ 
vide an effective open circuit at their resonant fre¬ 
quency. 

2. Traps become a series inductance at frequencies 
below resonance, electrically lengthening the anten¬ 
na. This implies that the physical length of the anten- 
ha is shorter at lower frequencies because of the 
inductance provided by the coil component of the 
trap. 

3. Traps must have a high Q. 

4. High-Qcapacitors must be used. 

5. Large-diameter coils are recommended. 

B. Capacitors and inductors providing 200 to 300 
Ohms of reactance at resonance provide good 
results. 

7. Traps must be resonant very near the center of the 
band for which they are designed. 

I needed answers to some basic questions to deter¬ 
mine the requirements of a trap: 

1. What is an effective open circuit? 

By Gary E. O'Neil, N3GO, 13 Holiday Hill Road, 
Endicott, New York 13760 
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2. How high is high Q? 

3. How large is a large-diameter coil? 

4. How close to the desired frequency must a trap be 
resonant? 

5. What effects do traps cause at the band edges? 

6. How much do traps shorten an antenna? 

7. How do I tune an antenna with traps? 

I'd be dishonest if I claimed that I asked all these 
questions at once and that my initial results were 
where this story ends. Actually, I went through two 
designs before developing the trap described here 
and evaluated one commercially manufactured 
design for comparison of performance. As I pro¬ 
gressed, I found I had questions not answered by 
colleagues or reference books. Some crude testing 
was in order. 

high Qor high impedance? 

I needed to know what an effective open circuit 
was, and my test for this was quite simple. I built a 
20-meter dipole as my reference antenna and assumed 
that adding a high-value resistor in series with the 
length of wire on the end would be like adding a 
high-Q trap and wire for a lower band when operat¬ 
ing on 20 meters. I assumed a quarter wavelength on 
20 meters to provide a worst-case mismatch of the 
antenna. I cut some wire to 16.5 feet (5 meters) in 
length and spliced a resistor to one end; then I con¬ 
nected this wire onto one end of my dipole at the op¬ 
posite side of the resistor and measured the VSWR. 
The following results were obtained: 

resistor VBlue 

Ikilohms) VSWR 

2.7 2.8 to 1 

3.9 2.6 to 1 

6.8 2.2 to 1 

10.0 1.7 to 1 

The VSWR of the antenna before this test was less 
than 1.2 to 1.1 conducted the test where the antenna 
was best matched to get a feel for the contribution to 
overall VSWR. 

It appears that an impedance greater than 7 kil¬ 
ohms must be maintained to ensure a 2:1 VSWR. A 
lower trap impedance can be used and compensated 
for by adjusting antenna lengths; but in this case the 
loading effect would have caused an interaction and 
tuning for resonance on all bands would be a frus¬ 
trating experience. 

While studying my impedance data and consider¬ 
ing Q, I became a bit perplexed. As losses approach 
zero, Q approaches infinity and bandwidth ap¬ 
proaches zero. If this were true, the trap would be 


useful at one frequency only. Zero bandwidth was 
not my problem. Given bandwidth and center fre¬ 
quency, I can calculate Q, as illustrated by this 
example: 

Given: F c = 14.175 MHz (center of 20 meters) 
3dBBW = 0.35 MHz (width of 20-meter band) 


Therefore: 

Q 


F c 

3-dBBW 


40.5 


It follows that high Q is 40.5 on 20 meters and is 
valid if. at F c , the impedance is equal to 14 kilohms. 
The impedance at the band edges in this case would 
be 7 kilohms, which is sufficient for a 2:1 match and 
assumes that the antenna and traps are tuned to 
14.175 MHz exactly. 

A Q of 40.5 and an impedance of 14 kilohms at 
resonance can be achieved with a wide variety of LC 
combinations and assorted types of capacitors. 

Now assume Q remains constant but impedance 
increases at F c . The effect is a higher impedance 
across the band. If the impedance at F c remains con¬ 
stant and Q gets larger, the impedance at the band 
edges is reduced. This implies a problem, since my 
crude measurements indicate a need to maintain 
greater than 7 kilohms across the band. 

My point is, high Qmay not be desirable in anten¬ 
na traps. It's important to understand that the prop¬ 
erty of the trap providing isolation is its impedance. It 
is this impedance that must be kept large. Anything 
larger than 7 kilohms improves isolation and is there¬ 
fore desirable. 

A little experience will clarify the fact that, as Q in¬ 
creases, the impedance at F c increases. This is per¬ 
haps the reason why high-Q traps are considered a 
must for good performance. I intend to show this is 
not true and attempt to explain the contribution of Q. 
to losses and bandwidth rather than to impedance at 
resonance. 


questions answered 

The most helpful reference I could find for an 
answer to my original question suggests that high Q 
is approximately 100, and a Q of 50 would be consid¬ 
ered medium. Aside from answering my original 
question, this information served no useful purpose. 
The same is true for high-Q capacitors. Strictly 
speaking, Q refers to losses in this case rather than 
bandwidth. And if capacitors are used, the higher the 
Q, the better should be your guide. High-voltage 
capacitors are popular but are generally expensive 
and difficult to find. 

Large-diameter coils seem to imply 2-3 inches 
(5-7.5 cm), although most triband beam manufactur¬ 
ers do well with smaller diameters. This information, 
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along with the recommended 200-300 ohms of reac¬ 
tance at resonance, have worked well in the past; 
and experiments with trap designs of the more con¬ 
ventional type tend to support these recommenda¬ 
tions. For this reason, I will not oppose the theories 
on which they are based. 

I attempted a number of trap designs, looking for a 
low-cost, easily manufactured capacitor. Gary 
Myers, K9CZB, 1 used coaxial cable for the capacitor 
in his 7-MHz trap. My tests revealed an impedance of 
50 kilohms at F c for a 15-meter version using an HP- 
4815A Vector Impedance Meter. Its Q was high 
(approximately 126); and to ensure 7 kilohms at the 
band edges, the center frequency had to be accurate 
and stable. With a bit of persistence, careful 
thought, and some RG-58/U, I was able to develop 
the trap described here. 

theory 

The single-element trap simultaneously uses three 
physical properties that can be realized with a section 
of coaxial cable. Using the properties of capacitance, 
inductance, and coupling reduces the complexity of 
LC networks to an appropriately configured length of 
coax in the form of a coil. Models have been built, 
tested, and evaluated in the 3.5- to 30-MHz range 
and calculations verified to 150 MHz with a reason¬ 
able accuracy. 

A properly designed and manufactured coaxial 
cable has a uniform capacitance per unit length. 



which is predictable, between the center conductor 
and shield. This capacitance can be employed in an 
LC network such as a tank circuit, which presents a 
high impedance at resonance. 

A second property is that coax can be coiled. The 
forming of a conductor (the coax shield in this case) 
into a coil produces an inductance greater than that 
of the wire alone, due to coupling between turns. 
This is predictable and can serve as the inductive 


component in an LC network. It should be noted that 
only the shield is considered to be coiled and is the 
significant contributor to the inductive component of 
the trap. 

Since the center conductor is shielded, the effects 
of coiling the cable do not influence the center con¬ 
ductor, which maintains a given inductance per unit 
length of the wire alone. Although this property has 
negligible effect on the operation of the trap to be 
described and was omitted from the calculations, 
one should be aware of it for applications at or near 
microwave frequencies. The important point is that 
the capacitance per unit length remains unchanged 
by coiling the cable due to the shielding properties of 
the outer conductor. 

configuration 

With the source of capacitance and inductance de¬ 
fined, the task of wiring the device remains. Fig. 1 il¬ 
lustrates this requirement and shows the cable coiled 
as described. It is shown without a form for support 





1 

— » — i 


fig. 2. Electrical schematic of an antenna trap. j 


as an illustrative aid. If flexible cable such as RG- 
58/U is used, a rigid form such as PVC plumbing 
stock would be required. 

Fig. 2 is the schematic representation of a parallel 
LC network with external connections designated A 
and B. Notice that a dc path must be provided be¬ 
tween terminals A and B. Also, each plate of the ca¬ 
pacitor connects to opposite ends of the inductor. A 
casual look at fig. 1 may cause some confusion since 
it appears that, with the center conductor connected 
to the shield, the cable's capacitance is short cir¬ 
cuited. This is valid only at dc as is the case in the cir¬ 
cuit shown in fig. 2. An analysis of the phase rela¬ 
tionships required at resonance will reveal why this 
connection is not only valid but is also required. 

The third property of the coaxial cable is the coup¬ 
ling between the center conductor and shield due to 
magnetic induction. This property (the basis of trans¬ 
formers) is clearly seen if viewed as a straight length 
of cable. Fjg. 3 shows this schematically as two par¬ 
allel conductors revealing the necessary components 
of a 1 to 1 transformer, or more aptly, a coupler. Cur- 
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rent injected into the primary from some source in¬ 
duces a secondary current in the opposite direction 
as indicated by the arrows. Connecting the top of the 
secondary to the bottom of the primary causes pri¬ 
mary and secondary currents to oppose each other. 
These currents, being equal and opposite, aid the op¬ 
position of the network to current flow. At reso¬ 
nance, the trap has a high circulating current en¬ 
hancing the coupling properties, which further im¬ 
proves this opposition. 


OUTER CONDUCTOR 

center conductor 



.C, 


r ■ 


fig. 3. Electrical schematic of single-element trap as a 

1:1 transformer or coupler. 


With the cable configured as shown in fig. 1 and 
referring to the schematic in fig. 2, one might 
assume that the input and output connections 
should be at the ends of the shield. This provides the 
tank circuit function using only the properties of in¬ 
ductance and capacitance. Magnetic induction is not 
employed when one end of the secondary remains 
open circuited. The connections indicated provide 
the return path for secondary current, and an analy¬ 
sis of phase relationships at resonance will validate 
this connection. 

The inductance of the center conductor now in¬ 
cluded causes a slight shift downward in resonant 
frequency and was observed to be about 2.5 percent 
in a 15-meter trap. The significant result of this con¬ 
nection is the gain in impedance produced by the op¬ 
posing primary and secondary currents with no de¬ 
tectable change in Q relative to the 3-dB bandwidth 
of the device. Test data provided at the end of this 
article illustrates the significance of this impedance 
gain. 

Tests of traps using conventional LC configura¬ 
tions indicate this trap has much lower Q (wider 
bandwidth) but provides a comparable impedance at 
resonance, implying similar loss characteristics. High 
impedance and relatively low Q make this design su¬ 
perior, since the accuracy to which it is tuned and its 
physical stability become less critical. The result is a 
trap that does not need tuning. 

In addition to these profound advantages, the cost 
is near zero. If you are considering erecting an anten¬ 


na, you will likely have coax as your feedline. A local 
plumbing contractor may be a good source for dis¬ 
carded PVC stock sufficient for these traps. 

Q versus loss 

Does the low Q of the single element trap imply 
that it is lossy? This must be answered with another 
question. What is low loss? Fig. 2 represents a tank 
as a capacitor in parallel with an inductor. If this were 
an exact representation, the impedance at resonance 
would be infinite. Mother nature plays her role and 
introduces loss represented by a resistor in parallel 
with the tank. 

At resonance, the impedance is infinity in parallel 
with the resistor representing the losses, or approxi¬ 
mately the value of the resistor alone. To determine 
actual losses, it's necessary to apply a voltage across 
the tank and solve for the power dissipated in the re¬ 
sistor. The power dissipated as heat in this resistor is 
the loss presented by the tank. It should be clear that 
the losses encountered are inversely proportional to 
the tank's impedance. If this impedance is high, the 
loss will be low. If Q can be reduced without decreas¬ 
ing the value of the resistor representing the losses, 
the performance in multiband antenna applications 
will be enhanced. 

This results from using the single-element trap de¬ 
scribed and is supported by data collected on four 
15-meter traps. Trap A was a commercially manufac¬ 
tured unit; B is the single-element trap built as I have 
described; C, similar to trap A, is my first attempt at a 
compact, low-cost design; D was a lOCZB’-style 
trap. The data as measured on an HP-4815A: 


style inductor capacitor 

A 1.7 inch (4.3 cm) dia. concentric 

14 AWG (1.6 mm) wire tubing 
B 1.7inch (4.3cm) dia. RG-58/U 

RG-58U coax cable 

C 1.7 inch (4.3 cm) dia. concentric 

14 AWG (1.6 mm) wire tubing 
D 1.7inch (4.3cm) dia. RG-8/U 

14 AWG (1.6 mm) wire coaxstub 


impedance 
at resonance 
(kilohms) Q 

40 142 

41 56 

27.5 75 

54 126 


When compared with the commercial design, the 
single-element trap has approximately the same im¬ 
pedance at resonance (equal losses) but nearly three 
times the bandwidth. This means the accuracy and 
stability can be three times worse and still achieve 
equal results. The traps I use were built in a hurry and 
are resonant out of band. There was no detectable 
interaction during adjustment, and the performance 
of the antenna has been excellent on all bands. 

pros and cons 

A brief review of the relative advantages and dis- 
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advantages of trap antennas compared with separate 
antennas per band is offered here: 

advantages: 

1. Multiband operation achieved with a good match 
on all bands. 

2. Automatic bandswitching. 

3. Antenna length reduced. 

4. No compromise operation on highest band(s) 
since a full-size antenna is employed there. 

5. Lower cost than separate antennas. 

disadvantages: 

1. Lower radiation efficiency due to trap losses on 
lower bands. 

2. Narrowing of bandwidth due to the inductive load¬ 
ing presented by the traps. 

3. Loss of second-harmonic rejection if bands are so 
related. 

The first two disadvantages, though not severe, are 
the compromise that is made in any trapped antenna 
design. This is also true of the third, but this compro¬ 
mise deserves more comment. Single-band antennas 
provide second-harmonic rejection due to mismatch 
losses, and in a simple test nearly 20 dB of rejection 
was achieved. This compromise affects all of us, not 
just the user of the antenna, and to keep interference 
minimal, antenna matching systems are recommend¬ 
ed. If a matching system is not used, careful tuning 
of the transmitter, and application of U.S. Regula¬ 
tions Part 97.67b 2 will go a long way in maintaining 
peace and friendship within the Amateur fraternity 
and among other services as well. 

construction 

Table 1 provides the dimensions for traps below 
30 MHz. These dimensions assume RG-58/U and 
1.25 inches (3.2 cm) PVC stock are the materials 
used. Form lengths given permit 1 inch (2.5 cm) to 
extend beyond each side of the coiled coax. This fa¬ 
cilitates using the form as a support for each antenna 
section and can be adjusted to suit personal prefer¬ 
ences. All traps must be close wound and should be 
as tight as possible to ensure mechanical stability. 
The coax lengths permit 3 inches (7.6 cm) to extend 
beyond each side of the coil, permitting antenna-sec¬ 
tion splicing and the wiring of the trap itself. 

With the form and coax cut as indicated in table 1, 
assembly can begin. An 0.2-inch (0.5-cm) drill was 
selected to allow a snug fit for the coax. 


1. Begin construction of the trap by drilling one hole 
approximately 1 inch (2.5 cm) from the end of the 
form. 

2. Strip 3 inches (7.6 cm) of insulation off one end of 
the coax, and separate the shield and center conduc¬ 
tor. 

3. Strip 2 inches (5 cm) of insulation off the center 
conductor. Insert this end of the coax into the hole 
drilled in the PVC form until the coax jacket extends 
into the inside of the form no more than 0.25 inch 
(0.6 cm). 

4. Very tightly wrap the coax around the form the 
specified number of turns and locate the point where 
the coiled coax should end. Mark this spot. 

5. Move the coax end away, and drill a second hole 
at the marked location as near as possible to the next 
turn of the coil without cutting the jacket. 

6. Tightly rewrap the coil to take up the slack that 
may have been introduced, and mark the end of the 
coax 0.25 inch (0.6 cm) beyond the hole just drilled. 

7. With a sharp knife cut approximately half way 
through the jacket material only, then completely 
around the coax at this location. 

8. In a similar fashion make a cut lengthwise along 
the cable from the first cut to the end of the coax. Do 
not remove the jacket material at this point. Again, 
tightly rewind the coil and insert the prepared end of 
the coax through the second hole. 

9. Pull the coax from the inside of the form until it lies 
flat at both ends. (Some massaging of the end of the 
coax where it passes into the form may be required.) 
The jacket may be easily removed from the coax at 
this point and shield and center conductor separated. 

10. Remove all but about 1 inch (2.5 cm) of insulation 
from the center conductor. Twist together the center 
conductor of one side and the shield of the opposite 
side. This connection should be internal to the coil 
form and tightly twisted to keep the leads as short as 
possible. 

11. Cut off all but 0.5 inch (1.3 cm) and solder this 
connection. 

12. Drill a hole 0.5 inch (1.3 cm) from each end and 
on the same side of the form. These holes are used to 
support the elements when used in a dipole or wire 
vertical. 

13. Wrap a turn or two of the remaining end of the 
center conductor through the hole on its end of the 
form, and do likewise with the remaining end of the 
shield through the opposite hole. 
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table 1 

Dimensions for constructing traps for frequencies between 3.75 and 29 MHz. 



F c 

form length 

coax length 

number 

effectiv 

length 

(MHz) 

(inches) 

(cm) 

(inches) 

(cm) 

of turns 

(inches) 

(cm) 

3.750 

6.0 

15.2 

123.06 

312.6 

19.79 

120 

305 

7.150 

4.2 

10.7 

70.70 

179.6 

10.94 

65 

165 

10.075 

3.6 

9.1 

53.70 

136.4 

8.06 

48 

122 

14.175 

3.2 

8.1 

41.47 

105.3 

6.00 

36 

92 

18.118 

3.0 

7.6 

34.80 

88.4 

4.87 

29 

74 

21.225 

2.8 

7.1 

31.24 

79.3 

4.27 

26 

66 

24.940 

2.8 

7.1 

28.09 

71.3 

3.74 

22 

56 

28.850 

2.6 

6.6 

25.61 

65.0 

3.32 

20 

51 


The trap is now complete and ready for installation 
in an antenna. A silicone-base caulk may be used to 
seal the traps against weather. I chose not to seal 
mine and they have been in service for more than a 
year without degradation in performance. 

tuning an antenna 

The last column in table 1 provides the effective 
length of wire in the trap used. This length should be 
subtracted on all bands where the trap looks like an 
inductor to provide a reasonable starting length be¬ 
fore tuning. 

Start with the highest band used and construct a 
halfwave dipole using the traps for that band as end 
insulators. Tune the antenna as desired with the 
traps connected before going any further. Once 
tuned, any lower band can be added by connecting 
more wire to the opposite sides of the traps and ex¬ 
tending the antenna from this point. Calculate the 
length of a quarterwave section on the desired lower 
band, subtract half the length of the dipole just built, 
and finally subtract the trap's effective length pro¬ 
vided in table 1. The result is the length of wire re¬ 


quired on the opposite ends of the traps. 

Adjust the added sections only to tune the antenna 
so as not to affect the higher-band antenna that you 
have already tuned. Traps may be used as the end in¬ 
sulators for this new lower band, and another band 
(lower still) can be added using the same procedure. 
When completed, recheck VSWR on all bands. There 
should be little or no difference from where they 
were initially tuned. 

test data 

Fig. 4A is the antenna configuration I chose and is 
a combination of horizontal trapped dipoles. This 
provides five-band coverage with optimum band¬ 
width while remaining a simple construction task. A 
slight interaction was detected on 10 meters when 15 
meters was added (the 10-meter center increased 
about 200 kHz). This was caused by the connection 
of the combined dipoles; not by the traps. Fig. 5 
shows the VSWR curves of this antenna. The VSWR 
of an antenna built as shown in fig. 4B is plotted in 
dashed lines to illustrate the loss of bandwidth by 
using this approach. 
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Fig. 4C is an alternative approach that has not 
been verified but is included as an improvement sug¬ 
gestion to reduce the VSWR observed on 15 meters. 
My assumption here is that the 40-meter and 15- 
meter dipoles are at or near resonance on 15 meters, 
thus reducing the feedline impedance by a factor of 
2; hence a 2:1 VSWR. I will have verified this assump¬ 
tion as this article goes into print, so watch the letters 
to the editor for a report of my findings. 

Fig. 6 illustrates the impedance bandwidth gained 
by the wiring technique described, which uses the 
coupling properties of the coaxial cable. 

calculator program 

In the interest of expanding the single-element trap 
applications into areas other than antennas, and ac¬ 
commodating those who have suitable materials 
other than those that have been described, I can pro¬ 
vide a TI-58/59 calculator program that computes 
the number of tight-wound turns required for a given 
resonant frequency when the physical properties of 
the desired materials are specified. In addition, I have 
described in detail the mathematical derivation of the 
trap and have provided a step-by-step procedure for 
building and tuning the antennas described in this ar¬ 
ticle. For copies, send an SASE to the author with a 
check or money order for $1.50 to cover photo-copy 
fees. TI-59 owners providing a blank magnetic card 
will receive a recorded copy of the program. 

conclusion 

The purpose of, requirements for, and effects of 
using traps have been explored and supported by 
comparative test data. In addition, a trap design has 




a* described In the text. B represents the commerciel 
trap of conventional design that was evaluated by the 
author. C represents the single-element trep's rejection 
If improperly connected as discussed in the text. Note 
the 7 kilohm bandwidth Improvement over the conven¬ 
tional dasign. The rejection is plotted versus frequency 
away from rasonance (f c ). 


been presented that is extremely simple to build (a 
pair of traps can be built in less than half an hour), 
costs less than half a dollar per band, and by design 
requires no tuning. With nothing more than an SWR 
meter and your transmitter for test equipment, you 
can have an antenna performing on 80 through 10 
meters in a single afternoon. 

I hope I have been successful in my attempt to un¬ 
veil the secrets of antenna traps and instill confi¬ 
dence in those who heretofore have been hesitant, 
puzzled, or otherwise afraid to pursue trap antenna 
designs. 
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using 

simulated carbon microphones 

with Amateur transmitters 


Simulated carbon microphones 
have several advantages 
over carbon microphones — 
all you need is 
an adapter 



Carbon microphones, previously standard in air¬ 
craft (fig. 1) and many other mobile radios, have 
been largely replaced by improved types that simu¬ 
late the electrical characteristics of carbon micro¬ 
phones. Hamfests abound with bargains on high- 
quality "simulated-carbon" microphones that are 
sturdily constructed and often include noise-cancell¬ 
ing features. They don't work with most commercial¬ 
ly made Amateur equipment, but the required adapt¬ 
er is very simple. (Do not confuse simulated-carbon 
microphones with the "power microphones" used by 
CBers.) 

The carbon microphone is a variable resistor that 
changes resistance when sound energy compacts 
the carbon particles inside it. Unlike dynamic and 
crystal microphones, which generate their own tiny 
voltages in response to sound, carbon microphones 
must be connected to an external source of current 
to produce an electrical signal. Carbon microphones 
are rugged, inexpensive, and produce high-level 
audio signals, but they are no longer popular because 
of their poor audio-reproduction qualities. 

The simulated-carbon microphone contains a 
dynamic or electret element plus a preamplifier. 

By Frank S. Reid, W9MKV, 3243 N. Louden 
Road, Bloomington, Indiana 47401 
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fig. 3B. The same circuit as in (A), modified to prevent rf feedback: diodes have 
bean removed and shielded cable added. R1 can be added as an attenuator to 
equalize earphone and speaker levels. 


which is powered by dc microphone-bias current 
supplied by the transmitter. The preamplifier modu¬ 
lates the bias current, producing an audio signal. The 
preamplifier is sometimes inside a sealed unit with 
the microphone element, or may be on a separate cir¬ 
cuit board. 

adapter circuit 

Transmitters designed for carbon microphones 
may supply anywhere from 10 mA to 60 mA of 
microphone current. Most simulated-carbon micro¬ 
phones will work properly over this entire range of 
currents. Fig. 2 shows a circuit for supplying micro¬ 
phone bias current. R1 and Cl form a decoupling 
network. R1 and R2 determine the microphone cur¬ 
rent. C2 blocks dc and couples audio to output level- 
control pot R3. 

construction 

If the adapter is built in a small shielded box, you 
can transfer it among several rigs. Microphone cir¬ 
cuits pick up rf interference easily, so use good con¬ 
struction practice in shielding and bypassing. Shield 
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the wire to the external power supply, but ground 
only one end of the shield. Ground the adapter circuit 
only at the transmitter microphone connector, or 
ground-loop current may cause hum in the output. 

The adapter components may be mounted inside 
the transmitter if you don't mind modifying your 
equipment. The voltage-regulator 1C can be eliminat¬ 
ed if you can find a well-regulated source of 8 to 11 
volts inside the rig. 

adjustment 

The level control must be set to provide the proper 
amount of audio to the transmitter input. To set the 
level, I connect an oscilloscope to the transmitter in¬ 
put terminals and observe the output of the rig's orig¬ 
inal microphone while talking normally, then substi¬ 
tute the adapter and adjust the pot until the signal 
reaches the same peak value. On an SSB transmitter 
with output meter, the meter can be used to com¬ 
pare microphones. You should then use an oscillo¬ 
scope to inspect the rf output waveform for proper 
modulation. 

converting surplus headsets 

Headsets are great for contest and mobile opera¬ 
tion, but most are bulky, uncomfortable, and can 
dangerously restrict a driver's hearing. The tiny 
Pacific Plantronics headsets overcome these limita¬ 
tions but cost up to $200 from suppliers of aircraft 
equipment. Slightly different models designed for 
telephone switchboard use are often available at 
hamfests and surplus outlets. Their preamplifiers 
contain current-steering diodes so that they will work 
properly with any bias supply polarity (figs. 3A, 4A). 
They usually work well with no modification, but 
they may pick up rf interference if used with high- 
power stations. To prevent rf feedback problems, 
remove diodes, rewiring as shown in figs. 3B and 
4B. Replace the telephone cord with a multi-conduc¬ 
tor replacement-type microphone cable having at 
least one shielded wire inside. Add your own push- 
to-talk switch if necessary. With diodes removed, 
you must determine proper polarity and use some 
type of polarized connector. The standard aircraft 
microphone plug (military designation PL-68) is wired 
as shown in fig. 1. It looks like a three-conductor 
stereo phone plug but is smaller in diameter. Surplus 
PL-68s are plentiful at hamfests (scouring powder 
will polish the brass nicely). 

The circuit of fig. 2 is not recommended for small 
hand-held portables, where the microphone current 
would contribute significantly to battery drain. The 
3000-ohm dynamic microphone element in most 
models of Plantronics headsets can drive many rigs 
directly, or through a small matching transformer. 
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It’s not a lot of Malarkey — 
it’s a ground plane antenna 


junk-box portable antenna 



Antenna experts have a favorite saying: "Verti¬ 
cal antennas radiate equally poorly in all directions." 
There’s some truth in this statement if the ground 
system is inefficient. However, if you live within a 
reasonable coax-cable length of a lake or any water 
more than a wavelength (no pun intended) wide, the 
vertical antenna described here may be worth a try. 
It's a low-cost system and can be made of readily 
available materials. You probably have them in your 
garage or basement. 

background 

My wife and I have an RV (recreational vehicle). 
This vacation season we set up the RV right by a lake 
in Sussex county, Delaware. I had my Ten-Tec 
OMNI-D and, as usual, a 40-meter dipole antenna to 
string up in the trees for a little R & R. Things went 
well. 

One day I thought, "Hey, some 10-meter opera¬ 
tion would be fun." But that required another anten¬ 
na. Then it hit me: that lake is nature's ground plane. 
All I have to do is get 8 feet (2.4 meters) of something 
to stand up on or in it. Back at home in the garage I 
had some 1/2-inch thin-wall conduit and some elec¬ 
trical outlet boxes. What could be better! 

the portable vertical 

Take a look at fig. 1. Ugly, right? But it works and 
works well. And it doesn’t cost a bundle. Ail you 
need is the material listed in table 1. Collect this 
stuff, get out your electric drill motor, and heat up 
your soldering iron. Open a can of beer and you're 
ready to start. 

construction 

1. Mount set screw connectors to the topand bottom 
of the electrical outlet box (square or hexagonal). 


By John J. Malarkey, W3SMT, 383 Winde- 
mere Avenue, Landsdowne, Pennsylvania 19050 
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2. Mount two Romax fittings to the sides of the out¬ 
let box. 

3. Insert a 1 /2-inch (12.5-mm) diameter wooden 
dowel 12 to 18 inches long into the Romax fittings; 
tighten securely. These are handles for screwing the 
assembly into the ground. 

4. Secure a coax connector (SO-239) to a small piece 
of aluminum plate. 

5. Drill a clearance hole (3/16-inch or 5-mm) in the 
aluminum plate 1/4 inch (6.5 mm) from lower left 
corner (in and up). This allows the coax-fitting 
mounting plate to use the existing screw hole that 
yvould normally be used for the cover plate and 
makes the ground connection. 

6. Cut a 2-1/2 inch (6.4-cm) wood or plastic dowel 
(3/4 inch or 19 mm O.D.). This is the center insula¬ 
tor. Insert it into the top screw connector on the out¬ 
let box and secure with a setscrew. 

7. Install a 1 /2-inch setscrew coupler on top of the 
dowel. 

8. Solder one end of a 2-inch (5-cm) piece of No. 12 
(2.1 mm) wire to the center contacl on the SO-239 
coax connector. 

9. Install a closed-eye solder lug on the other end of 
the wire. 



Details of the electrical outlet box, which forms the 
base of the 10-meter antenna. Wooden dowels are han¬ 
dles for working the bottom piece of conduit (not 
shown) into mud or sand. 


10. Bend the lug to pick up the bottom screw on the 
setscrew coupler. Draw it down to make contact 
with solder lug and secure the coupler onto the cen¬ 
ter insulator. 

11. Select one of the 10-foot (3-meter) pieces of con¬ 
duit and, using a pipe cutter, cut a piece 72 inches 
(183 cm) long. (This length was chosen to make 
carrying in the trunk of the car easier.) 


table 1. Materials list for the junkbox portable antenna. (Note that metric equivalents are not given for standard electri¬ 
cal conduit and fixtures.) 


materials 

4-inch outlet box (no cover) 

1 /2-inch setscrew connector 

Romax connector 

wood or hiatal rod to fit Romax 

connector, 12-18 inches (30-46cm) 

SO-239 coax connector 

small piece of aluminum plate 

2 1 /2-inch (6.4 cm) wood or plastic 
dowel 3/4-inch (2 cm) O.D. to fit 

1 /2-inch conduit coupler 
1/2-inch setscrew coupler 


quantity use 

1 to hold antenna and handle 

2 1 for ground 

1 to hold vertical insulator 
2 to hold handle 

1 to make handle 

1 for coax cable 

1 to hold SO-239 connector 


1 insulator for antenna 

1 to connect insulator to 

vertical element 


2-inch (5-cmI length of No. 12 
(2.1-mml wire 

solder lugs and washers, closed-eye, 
to fit screws on couplers 
10-foot (3-meter) length 1 /2-inch 
electrical conduit (thin walll 

1/2-inch compression fitting 


1 center of coax connector to 
top of conduit coupler 

— to make connections 

2 1 for vertical element 

1 to hold vertical elements together 


Note: formula: 2808/1 in MHz = length of 1 /4-weve element in inches (2.54 cm/inchl. Materials are for antenna resonant at 28.7 MHz. 
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12. From the remaining length of this conduit, cut a 
piece 25.8 inches (65.5 cm) long. 

13. Now, from the second 10-foot (3-meter) piece of 
conduit, cut a piece about 5 feet (1.5 meters) long. 
Flatten one end to make a point (so it can be pushed 
into sand or mud). Set it aside. 

on-site assembly 

1. Join the 72-inch (183 cm) and the 25.8-inch (65.5 
cm) conduit with a 1/2-inch compression coupler. 
Set all this aside. This is the vertical element. 

2. Attach the 5-foot (1.5-meter) piece to the bottom 
set screw connector on the outlet box. 

3. Push the outlet box with its 5-foot (1.5-meter) 
piece of conduit into mud or wet sand until it's 
approximately 4 inches (10 cm) out of water. 

4. Put the vertical element, previously assembled in 
step 1 above, into the top set screw coupler in the 
outlet box; tighten. 

5. Connect 50-ohm coax to SO-239andtotransmitter. 

6. Start calling CQ. 

results 

They were great! First contact: VE6CGN in Alberta, 
Canada. Then HP1XWA, in Panama. The antenna 
was doing fine. The SWR was 1.2:1 over the phone 
band. I did not use a tuner at all and ran full output 
from the OMNI D. 

afterthought 

Late in the evening I remembered I had a piece of 
metal tape from a broken windup rule. Why not? It 
turned out that, you guessed it, 35 feet (10.6 meters) 
was left with the hook end. So I cut it at 32 feet, 4 
inches (9.9 meters), drilled a hole in the end (using 
light pressure, because thin metal will split, then 
backed it up with wood). I installed two solder lugs 
(closed-eye) back-to-back. Then I sanded the paint 
off the end of the rule and attached a solder lug with 
a machine screw and nut. Next, I put a piece of nylon 
fish line over a tree limb at the edge of the lake and 
pulled up the 40-meter vertical. The end with the 
solder lugs was put under the screw in the setscrew 
coupler, and the 10-meter element was removed. 

results 

Again, results were greatl The VSWR was 1.4:1 
over the phone band; plus it also worked on 15 
meters. 

So give it a try; you'll like itl I have some experi¬ 
ments going on with garden hose — I'll keep you 
informed. 

ham radio 
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operation upgrade: 

part 2 


The second part 
in a continuing series 
designed to help you 
get that higher ticket 

Last month, in the first of our series of articles, we 
explained some of the topics identified by the FCC as 
being in the tests for Amateur licenses. That article 
explained in basic terms such fundamental things as 
voltage, current, resistance. Ohm's law, inductors, 
capacitors, and power, and how they are interrelated 
in some relatively simple dc circuits. 

This month we will try out some ac circuit theory 
involving these same concepts. This is an area of 
electricity that many people seem to shy away from 
because of its angles, tangents, cosines, and so 
forth. But much of this information is quite important 
if you want to understand how radio circuits actually 
work. Our engineering friends may turn up their 
noses at this down-to-earth treatment of a highly 
complex field of theory, but let's plunge in anyway. 


inductive reactance 
and impedance 

Our discussions about the inductance of a coil of 
wire indicated that a counter EMF (CEMF) develops 
whenever current changes value in an inductor. The 
CEMF always tries to oppose whatever the current 
wants to do. If the current tries to increase, the CEMF 
tries to prevent it. If the current tries to decrease, the 
CEMF tries to increase it. The resulting opposing, or 
resisting, effect produced by the CEMF is properly 
called inductive reactance, symbolized by Xl (X indi¬ 
cates reactance, L indicates inductance). The unit of 
measurement of Xl is the ohm, usually shown by 
either a capital Greek letter omega, 0 (the same as is 
used for resistance), or by a lower-case omega, w. 
We will use 0 for purely resistive values, and w for 
values having reactance. This should help prevent 
confusion when we are talking about the various 
forms of oppositions in electricity. 

The formula to determine how much opposing ef¬ 
fect that inductive reactance has in ohms is: 

X L = 2irfL 
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where X/, = inductive reactance in ohms, to 
it = 3.1416 

/ = frequency in hertz, Hz 
L = inductance in henrys, H 

As an example, the inductive reactance of a 2.5- 
henry coil to 1000-Hz ac is X L = 2-k/L, or (6.28) 
(1000) (2.5), or 15,500 to. Can you see from this for¬ 
mula that the same inductor (coil) will have twice the 
reactance at twice the frequency because Xl is 
directly proportional to /? A resistor, on the other 
hand, has the same resistance value regardless of the 
frequency of the ac, or even if dc is used with it. 

In a resistor, the current that flows through it 
varies in phase (in step) with any voltage change oc¬ 
curring across the resistor. If the voltage increases 
across a resistor, the current increases proportional¬ 
ly. In a coil, which has inductive reactance, the volt¬ 
age of an alternating current passing through the in¬ 
ductor can, of course, be plotted (with respect to 
time) as a sine curve. The current passing through 
the coil can also be plotted (with respect to time) as a 
sine curve. It will be found that, if the two curves are 
compared on the same graph, the sine curve repre¬ 
senting the current will lag 90 degrees behind that 
representing the voltage. We can consider this to be 
caused by the building up of the magnetic field 
around the coil, and by the counter-EMF developed in 
the coil. 

Let's see what we can find out about the ac circuit 
shown in fig. 1. An ac generator or alternator (the 
circle with a one-cycle sine wave in it) feeds a circuit 
composed of X L in series with an R. Since this is a 
series circuit, the same current flows in all parts of 
the circuit, so only one ammeter is needed. The three 
voltmeters measure all possible voltages in the 
circuit. 


If the source of EMF had been shown as a battery 
or a dc generator, from Ohm's law (/ = E/R) the 
current in the circuit would have been I = E/R, or 
100/100, or 1 amp. In this case, with dc flowing, X L 
would have no opposing effect, and the load in the 
circuit would be the resistor alone. What do you 

think voltmeter Vi would read?_V 2 ?_ 

V 3 ?- 

Vi would read the 100-volt source voltage. With dc 
being used, V 2 is measuring across zero ohms resis¬ 
tance (the coil is assumed to have no R value) and 
therefore would read zero volts. And V 3 would have 
to read the 100 volts of the source. What power 
would the circuit be dissipating? (Remember, the 
basic power formula is P = El.) Work it out for your¬ 
self. P =_ 

This brings up an important point. Since in this 
case, the coil has dc flowing through it, there is no 
varying magnetic field around the coil and no CEMF is 
being developed. There is energy in the coil's mag¬ 
netic field, but it is static (meaning stationary). Any 
energy stored in the static magnetic field will be re¬ 
turned to the circuit when the current is turned off. 
The only thing dissipating energy (heat in this case) is 
the resistor. It is dissipating P = El, or 100(1), or 100 
watts of heat. 

Now let's return to the illustration as it is shown, 
with the source 100 Vac. The load is a 100 u X L in 
series with a 100 0 R, right? So the total opposition 
to the ac is going to be 100 + 100 = 200 ohms — 
right? WRONGI It will be only 141.4 u. Where did 
that value come from? Let's see. 

Resistance is a true and constant opposition under 
essentially any conditions. We can draw a horizontal 
vector arrow representing 100 Q resistance and label 
it R, as shown in fig. 2. The reactance of the coil 
does not oppose the flow of current by 180 degrees 
as the resistance does, but it opposes the current at 
exactly 90 degrees. Therefore, we draw the opposi¬ 



ng. 2. Developing an R. X L , and Z triangle from R, X L . 
and Z vectors, and three useful trigonometric formulas. 
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tion of the X/, at an angle of 90 degrees from the re¬ 
sistance, at right angles, or upward. By drawing dot¬ 
ted lines parallel to both the R and X L vector arrows, 
the resultant opposition of R plus X L will be that 
shown by the dashed vector arrow labeled Z. This re¬ 
sultant opposition is called the impedance, Z, of the 
circuit, and has a value of 141.4 oj. (We use w for 
ohms because part of the opposition is reactive.) 
How did we get the 141.4 fl value? Well, you could 
lay out the vector arrows to scale on a piece of graph 
paper and measure the impedance value with a met¬ 
ric ruler, which is probably the simplest but least 
accurate way of doing it. 

A second method is to use the Pythagorean theo¬ 
rem for right-angled triangles, which says that the 
square of the Z side of this right-angled triangle 
(made up of the R, the Z, and the dotted X*. side) is 
equal to the sum of the squares of the R and Xl 
sides. As a formula this is expressed as: 

Z 2 = R 2 + X L 2 
Or, in our particular circuit: 

Z 2 = 100 2 + 100 2 

Z 2 = 10,000 + 10,000 

Solving for Z (taking the square root of both sides of 
the equation), 

Z 2 = 20,000 
Z = 141.4 

The complete formula to find impedance is therefore: 
Z = s/R 2 + Xi 2 

Here is a problem to try. The answer is at the end 
of the article. Problem 1: What would be the impe¬ 
dance of a series ac circuit having R = 80Q, Xi = 
40co? Answer_ 

A third way you might find the impedance is to 
first determine the phase angle (how many degrees 
the I lags or leads the £ in a reactive circuit). The 
phase angle, usually shown as the Greek letter theta, 
or 0, is the angle developed at the meeting point of 
sides/? and Z. In our circuit, with R = 100 and X = 
100, and being at right angles or 90 degrees, the R-Z 
angle must be half of 90 degrees, or 45 degrees. 
Thus, the phase angle, or 0, for this circuit is 45 
degrees. 

However, when R and X are not equal, we must 
find 0 some other way. One way is to use a protrac¬ 
tor to measure the angle if you graph the problem. 
The tangent (tan) ratio of our triangle, which is the 
ratio of the X side to the R side, or X/R, can be used 
to find 0 very accurately. Tan 0 in our case is X/R, 
or 100/100, or 1.0000. Refer to table 1, which shows 
a few selected tangent and cosine ratio values and 


their angles. By searching through the table you will 
find that, when tan 0 = 1.0000, 0 = 45 degrees. 
(With one type of electronic calculator, enter the tan¬ 
gent value of 1.000, then punch in ARC, then TAN, 
and it should show 45 degrees. However, your calcu¬ 
lator may use a different method of determining 
tangents.) 

Now that we know the phase angle (how many de¬ 
grees the current lags behind the voltage in an induc¬ 
tive circuit), what about the impedance value? 
Whereas the tangent ratio of the RXZ triangle is 
X/R, the cosine ratio is R/Z. This cosine ratio is 
handy for us because it includes not only the R and 0 
values, which we know, but also the Z value, which 
we want to know. Using the cosine ratio we can de¬ 
termine the Z value with the information we now 
have. The cosine (cos) formula is 

cos 0 = ~ or cos 45 degrees - ^ 

From the table you can find that cos 45 degrees is 
equal to 0.707. By plugging the known information 
into the cos formula we get 



0.707 = 


If you have not been doing much math lately, let's try 
solving for the unknown value ( Z ) of this equation by 
using the cheap and dirty method of cross multiply¬ 
ing and then dividing out the unwanted to find what 
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fig. 3. Ac circuit for problem 2. 


Z equals. In this case 

0.101 _ 100 
1 z 

Now, by cross multiplying top and bottom values we 
get the relatively straightforward equation 


derstand the relatively few facts we have discussed 
so far. This doesn't mean that ac circuits can't be¬ 
come extremely complicated. They can I 

capacitive reactance 
and impedance 

In fig. 4, a series ac circuit is shown using a capac¬ 
itor in place of the inductor of fig. 1. If the capacitor 
has very little capacitance, only a small current can 
be driven back and forth through the resistor with a 
given ac voltage. If the capacitor is larger it can be 
charged and discharged with more electrons and the 
ac charging current that would now flow through the 
resistor will increase. Thus a capacitor must have 
both an ac conducting and an opposing effect, or 
reactance. Capacitive reactance, X c , opposes ac 
somewhat like resistance does, but it is not the same 
as resistance. 

To determine just how much opposing effect, in 
ohms, a capacitor will have in an ac circuit, use the 
formula 


0.101(Z) = 100(1) or 0.101Z = 100 
To find the Z value, divide out from both sides of 
the equation the unwanted information on the left 
side, giving us 

0.101Z _ fOO 
0.101 0.101 

This leaves 



where X c = capacitive reactance in ohms, oj 
t = 3.1416 

/ = frequency in hertz, Hz 
C = capacitance in farads, F 
As an example, what reactance does a capacitor of 
0.01-jtF have to a 7 MHz ac? 


Z = 141.403 


Incidentally, the sine 0 = X/Z formula shown in 
fig. 2 could also have been used to solve forZ if sine 
tables are used. These three trigonometry formulas, 
tangent, cosine, and sine (sin), are very handy in ac 
circuit computations. 

How about trying to solve an impedance problem 
on your own? Problem 2: What is the Z of the series 
circuit shown in fig. 3? Tan 0 = Angle 0 = 

_ CosB = __Z =_ 

Of course, it is possible to compute ac circuits of 
this type if only the inductance in henrys and the re¬ 
sistance are given. You would have to first convert 
the inductance value to inductive reactance. The fre¬ 
quency of the ac would also have to be known to find 
the Xl value. You would be surprised what you can 
do with these ac circuits if you list what values you 
know, and then consider filling in the information 
into one or more of the formulas that you know. You 
can find voltage-drops across components (with 
Ohm's law), currents, phase angles, impedances, re¬ 
actances, power values, and so on, provided you un¬ 


X C 

Xc 

Xc 


1 

Wc 

1 

6.28(1,000,000)(0.000 000 01) 
1 

0.4)96 

2.2103 


Can you see that a 0.01-/tF capacitor acts as a 
pretty good conductor of ac at 7 MHz, which is one 
edge of the 40-meter Amateur band? A 0.001 -gF ca¬ 
pacitor would have only 22.7 u. Thus, to couple rf ac 
from one circuit to another, capacitors make very 
good coupling devices. Capacitors may couple ac, 
but they will stop dc current completely. However, if 
the dc is varying, a capacitor will pass the varying 
part, or ac component, and block the dc component. 
Note that the same capacitor used on the 3.5-MHz 
Amateur band will have twice the reactance that it 
would have at 7 MHz, because X c is inversely pro¬ 
portional to frequency. 

In a resistor the current through it and the voltage- 
drop across it are always in phase. As mentioned pre- 
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its vector diagram. 


viously, an inductor always has its current lagging 
behind the circuit voltage by 90 degrees. A capacitor 
always has its current leading the circuit voltage by 
90 degrees. These reactive phase shifts are important 
in the operation of ac circuits. For one thing, it is pos¬ 
sible to add capacitance to an inductive-resistive cir¬ 
cuit to reduce a phase lag of the current caused by 
the inductance. 

What would be the phase angle, the impedance, 
the current, and the voltage drops in the fig. 4 cir¬ 
cuit? We can apply exactly the same computing ideas 
to a capacitively reactive circuit as we did with the in¬ 
ductively reactive circuit before. The phase angle 
(the number of degrees by which the current leads 
the voltage) may be found by tan 0 = X/R, or in 
this case tan 0 = 30/40, or 0.750. From the table, 
the angle 0 is 36.87 degrees. 

Knowing 0 = 36.87 degrees, then cos 0 = R/Z, 
and by cross multiplying, Z = R/cos 0. In this case, 
from the table of cosine values, cos 36.87 degrees = 
0.8000, orZ = 40/0.8000, or Z = 50oi. 

If Z = 50 w and the effective source voltage, E s , is 
100 volts we can make the dc Ohm's law formulas 
work for ac circuits by substituting Z for R. Thus, 
I = E/Z, or E = IZ, or Z = E/I. In our circuit, 
I = E/Z, or 100/50, or 2 amps flows through the ca¬ 
pacitor and the resistor. (Actually, electrons do not 
flow through a capacitor, but it charges and dis¬ 
charges through the resistor, allowing current to flow 
through the resistor and the ac source.) 

There is an interesting thing about computing 
power in ac circuits. If we have a 2-amp current flow¬ 
ing in the fig. 4 circuit and a source voltage of 
E s = 100 volts, then from the power formula P - El 
we would expect to have 100 ( 2 ), or 200 watts being 
dissipated. But a wattmeter in this circuit would 
show only 160 wattsl The 200 value from a voltmeter 
and an ammeter is called the reactive power, or the 
volt-amperes (VA) of the circuit. The true power, 
that amount of energy actually lost by the circuit, is 


what the resistor alone is dissipating. (Remember, 
the reactor does not lose energy. It may store 
energy, but it returns it all to the circuit when the cur¬ 
rent is turned off.) The true power can be found by 
P = E r I T , or by P = I r 2 R, or by P = E r 2 /R. Since 
we do not know the voltage across the resistor at this 
time, we can use the formula P = I 2 R, or 22(40), or 
160 watts. So, for this circuit the reactive power is 
200 VA, and the true power is 160 watts. Note that a 
wattmeter always indicates true power, and that the 
formula P = I 2 R always tell us the true power. 

The ratio of true power (P) to volt-amperes ( VA) is 
known as the power factor of the circuit. In our cir¬ 
cuit of fig. 4, the power factor (pf) = P/VA, or 
160/200, or 0.8000. You can express a pf of 0.8000 as 
a pf of 80 percent by moving the decimal point over 
two places and adding the percent sign. You will also 
find that the power factor is always equal to the co¬ 
sine of the phase angle (cos 0 = pf). For our circuit, 
the pf is 0.8000, the cosine of 0 is 0.8000, and from 
the table, 0 = 36.87 degrees as determined pre¬ 
viously. 

In our circuit, if a 2-amp current flows through a 
30w X c , the voltage-drop across X c by Ohm's law, 
but using reactance in place of resistance, is E = 
IXc, or 2(30), or 60 volts. The voltage-drop across 
the R will be E = IR, or 2(40), or 80 volts. Note that 
the simple sum of the vector voltages across X c and 
R add up to more than the source voltage. That is, 
E Xc = 60 volts, and E T = 80 volts, for what appears 
to be a total of 140 volts. But if we try plotting these 
two voltages as vectors at right angles as we did with 
Xc and R, we will find that the resultant vector, 
which represents the source voltage, will be exactly 
100 volts, as it should be. 

Suppose we have a circuit with X L , Xc, and R all 
in series, as in fig. 5. The reactances are graphed as 
before, X L upward, X c downward, and R to the 
right. Can you see that the 50 uX L is cancelling 50 of 
the 75 u of Xc, resulting in a total of only 25 u of 
effective reactance (capacitive) for the circuit? To de¬ 
termine the impedance of this series circuit we would 
use the values of 3012 of R, and the resultant value of 
25 w of X c . To check your understanding try Prob¬ 
lem 3: With Xc = 25 u and R = 30 12, what is tan 

©?_0?_cos 0?_Z?_ I? 

_ E r ? _ E x 7 _ P7 _Does I lag 

or lead?_ 

series and parallel circuits 

When two resistors are connected in series, as in 
fig. 6 A, the total resistance is simply the sum of the 
two resistors, or R t = R, + R 2 . But if the two resis¬ 
tors are in parallel as in B, they form a better conduc¬ 
tor (less resistance) than either one alone. There are 
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two formulas given which produce the proper total 
resistance of two parallel resistors. These are 

R t = R, + R 2 and R ‘ = J + 1 
Ri R 2 

If Ri is 100 0 and R 2 is 100 ft, what will the total resis¬ 
tance be? Try working this out with both formulas 
and see if you don't come up with 50 ft in each case. 
What if there are more than two resistors in parallel? 
Well, if there are three, then compute two of them in 
parallel and use this answer to compute the third re¬ 
sistor in parallel. If there are four in parallel compute 
the first three and use this answer along with the 
fourth in parallel. 

When two inductors are connected in series as in 
fig. 6C, the total inductance in henrys is the simple 
sum of the two inductors. Similar to resistors, two 
parallel inductors, as in D, can be computed with the 
same two parallel component formulas, substituting 
Ls for Rs in the formulas. 




• o o • • • 

fig. 6. Series and parallel resistors, inductors, and 
capacitors. 


tance. Now, all oppositions, resistance and reac¬ 
tances, if in series, are found by simply adding the 
component values. Similarly, when in parallel you 
use the parallel resistance type formulas to determine 
the total oppositions, substituting Xs for Rs. 

In fig. 8A, the circuit is shown with resistance, in¬ 
ductance, and capacitance values given. To com¬ 
pute the circuit parameters (values) it is necessary to 
first convert the L value to an X L value, using the 
given frequency and the formula X L = 2-kJL. The 
capacitance must similarly be converted to X c by the 
formula X c = l/2it/C (using farads, not the /iF 
value that is given). The impedance of such a series 
RLC circuit is computed as explained in the previous 
section. In this case the Z value is computed as 200 
HR and 796 a >X C minus 314 wX L , or as 200 HR and 
482 oiXc, or Z = yJ200* + 482*, or 521.8 w. 

The circuit in fig. 9 shows a resistance and an in¬ 
ductive reactance in parallel. There are a variety of 


When two capacitors are connected in series, as in 
fig. 6E, between the top of the circuit and bottom 
there is now a greater dielectric separation than for 
either capacitor alone, and therefore less capaci¬ 
tance. So we cannot use the simple addition of ca¬ 
pacitances, but must use the parallel resistor type 
formulas for capacitors in series, or 


l . I 

C, + C 2 


When two capacitors are connected in parallel, as 
in F, the total capacitance is the simple sum of the 
two capacitors, or C, = C, + C 2 . 

In fig. 7 we have the same circuit configurations 
but this time the components are labeled in resis¬ 
tance, inductive reactance, and capacitive reac¬ 
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fig. 8. (A) Series RLC circuit must be converted to 
X,. and X c values to compute it. using the given fre¬ 
quency. 



ways of computing the impedance of such a circuit. 
We will discuss only one of them. We cannot use the 
series-type impedance formula (Z = JR 2 + X 2 ) un¬ 
less we use reciprocal values in it. [1/R is the recipro¬ 
cal of R, called conductance, symbolized G. l/X is 
the reciprocal of X, called susceptance, B. 1/Z is the 
reciprocal of Z, called admittance, Y.) The unit of 
measurement of these reciprocal values is either mho 
(reverse spelling of ohm), or siemen, S. So, to solve a 
parallel RX circuit as fig. 9, the basic formula would 
be 

I ■ Jffi * (17 »' r - '^ rrrsi 

Substitute the values given in fig. 9 into the second 
formula, and check these steps: 


Y = s/0.1 2 + 0.1 2 = 

Y = sfo/02 

2 = L = _i__ = 

Y 0.1414 


V 6. oi + o.oi 

0.1414S 
7.07 u 


Note that in any simple R and X parallel circuit the 
total Z will always be less than either of the R or X 
component values. As you might expect, a parallel R 
and X c would be solved in exactly the same way as a 
parallel R and Xi. In the inductive circuit the phase 
angle of the source current would be lagging, in the 
capacitive case the current would be leading, but not 
by 90 degrees. 

If a capacitor is added across a parallel R and X L 
circuit, as in fig. 10, we have a parallel RLC circuit. 
Since the Be and B L values would plot 180 degrees 
apart (as their X c and Xi_ values do), the total sus¬ 
ceptance, or B,, will be equal to the smaller suscep¬ 
tance subtracted from the larger. (Do not subtract 
X c from X L in parallel circuit computations!) In our 
problem, the formula is expanded to subtract B L 
from Be. and is worked as shown. Can you follow 
each step? 

Y = \JG 2 + (B C - BJ 2 

Y = s/0 04 2 + (0.05 - 0.02) 2 

Y = s/0.04 2 + 0.03 2 


Y = s/0.0016 + 0.0009 

Y = s/0.0025 

Y = 0.05 S 



If you think about it a little, you will see that if X c 
and Xe happened to be equal in fig. 10, then Be and 
Be will be equal and would cancel each other com¬ 
pletely, resulting in a reactance value of zero. Such a 
circuit is said to be parallel resonant, which we will 
discuss later. The total impedance would then be the 
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fig. 11. Circuit used to explain effect of matching and 
mismatching a load impedance to a source impedance. 

resistance value only, or Z = 25 ft, not 25 

03, because 


now the source sees a circuit that is exhibiting no re¬ 
active effects at all. 

impedance matching 

One of the most important requirements when 
operating rf ac power equipment is to match the im¬ 
pedance of the load to the internal impedance of the 
source. Consider the circuit shown in fig. 11. Here a 
load impedance (resistor Z L ) is coupled across an ac 
source (Z s ). Assume that the source produces 100 
volts and has an internal impedance of 50 «(or 50 0). 
Using a Z L of 50 ft to match the source impedance, 
the current through the load will be 

/ = EfZ = 100/(50 + 50) = 100/100 = 1 amp 

The simplest means of determining the power dis¬ 
sipated in the load would be by 

P = I 2 R = P(50) = 50 watts 

Incidentally, the power dissipated in the source 
would also be 50 watts, and the whole circuit would 
be 50 percent efficient. 

If the load resistance is doubled, to 100 ft, the im¬ 
pedances mismatch. The circuit current would now 
be / = E/Z, or 100/(50 + 100), or 100/150, or 0.66 
amp. Now, the power output, or that dissipated in 
the load resistor, would be P = I 2 R, or 0.66 2 (100), 
or 0.436(100), or 43 watts. The power dissipated in 
the source would be 0.436(50), or 21.5 watts. The ef¬ 
ficiency is 43/64.5, or 66 percent. The efficiency may 
be higher, but the power output into the load is 
lower. 

If the load resistance is halved, to 25 ft, the impe¬ 
dances again mismatch. The circuit current would 
now be / = E/Z, or 100/(50 + 25), or 100/75, or 
1.33 amps. The power output in the load would now 
be P = I 2 R, or 1.332(25), or 1.77(25), or 44.25 watts. 
Again the power output is less than when the impe¬ 
dances matched. The power dissipated in the source 
is now P = I 2 R, or 1.33 2 (50), or 1.77(50), or 88.5 


watts. With this mismatch the efficiency is only 
44.25/132.75, or 33 percent. So, if you have a trans¬ 
mitter with 50 ft output circuit you had better be sure 
that the antenna you couple to it also has an impe¬ 
dance as close to 50 ft as it is possible to arrange. 
This way you will get maximum power into your 
antenna. 

Transformers can be used to match impedances, 
particularly in audio frequency ac circuits. If a trans¬ 
former has a primary with 100 turns and a secondary 
with 300 turns, it will step up any ac voltage applied 
to it by three times (may be shown as either a 1:3 or 
3:1 ratio). If 2 volts ac is applied to the primary, the 
secondary voltage should be 6 volts. If a transformer 
is used to match impedances, a 1:3 transformer will 
convert the primary impedance by a factor equal to 
the turns ratio squared. Thus a 1:3 turns ratio allows 
the transformer to convert the output or secondary 
impedance to 3 2 , or to 9 times the impedance of the 
primary. Formulas that may be used are 

(Ip) 2 _ Tp _ [Tp 

\T S ) ~ T S ~ V Z S 

These formulas say that the turns ratio squared 
equals the impedance ratio, or the turns ratio equals 
the square root of the impedance ratio. As an exam¬ 
ple, you want to match a 30 ft transistor output cir¬ 
cuit to a 4 ft loudspeaker, fig. 12. What ratio trans¬ 
former should you use? With the second formula, if 
the impedance ratio is 30/4, or 7.5:1, the tur ns r atio 
must be equal to the square root of 7.5 (or v?.5), or 
2.74:1. Actually, either a 2:1 or a 3:1 turns ratio trans¬ 
former would operate quite satisfactorily, with the 
2:1 possibly sounding a little better, although some¬ 
what weaker. The higher the load impedance the less 
audio distortion that may be produced. 

With air-core radio-frequency transformers, impe¬ 
dance matching is usually controlled by the degree of 
primary-to-secondary coupling. The tighter the 
coupling the lower the impedance reflected back into 
the primary circuit. 

series and 
parallel resonance 

Whenever the X c of an ac circuit matches the X L 
in series with it, a condition of resonance occurs. If 
the capacitor and coil are in series the circuit is said 
to be resonant, or series resonant, fig. 13A. If the ca¬ 
pacitor and coil are in parallel the circuit is said to be 
anti-resonant, or parallel resonant, fig. 12B. These 
two resonant type circuits do not behave the same in 
any way. 

In a series resonant circuit, as in fig. 13A, the two 
reactances completely cancel the reactance effects 
of each other. In any series circuit there is only one 
current. In the series resonant circuit the X c voltage 
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fig. 13. (A) Resonant 
resonant or parallel resonant 
means of coupling to a load. 



will lag the current by 90 degrees, and the X L voltage 
will lead the current by 90 degrees. These two equal 
but opposite voltages (180 degrees out of phase) 
cancel, leaving the source looking at a zero voltage- 
drop load, or a short circuit. A series resonant circuit 
acts as an impedance of zero ohms, and if there is no 
resistance in the line the ammeter and the source 
might burn up. 

In an anti-resonant, or parallel resonant, circuit, as 
in fig. 13B, the two reactances cancel each other in 
another way. Since the current lags in an inductor 
and the current leads in a capacitor, at anti-reso¬ 
nance there is one voltage across the circuit, with 
equal but opposite currents in the two reactances. A 
90-degree current lag + a 90-degree current lead 
means the two currents are 180 degrees out of 
phase. If the current flows up in the inductor and an 
equal current flows down in the capacitor, there is 
zero current demand from the source. The source 
sees the circuit as no load at all, or as infinite impe¬ 
dance (Z = oofi, since the reactances cancel). The 
ac current circulates back and forth between the L 
and C, but the source is required to produce no fur¬ 
ther current once the current starts oscillating back 
and forth in the LC circuit at the LC circuit's reso¬ 


nant frequency. The ammeter would read zero am¬ 
peres once the LC circuit current starts oscillating. If 
there were any resistance anywhere in the LC circuit 
there would be a P = I 2 R loss in the resistance, and 
the meter would read the current value needed to 
support this power loss. Also, if a secondary coil is 
coupled to the inductor of the LC circuit and the sec¬ 
ondary has a resistance load on it, this load will re¬ 
flect back a resistance effect into the LC circuit coil, 
and the ammeter will read higher. The tighter the 
coupling the higher the ammeter will read, and the 
greater the power output, until the reflected resis¬ 
tance value drops below the source impedance 
value. This would represent overcoupling, an impe¬ 
dance mismatch, and less power output. 

There is a very significant point about oscillating 
LC circuits. If there is no resistance in them, once 
they start oscillating theoretically you can disconnect 
the source and the LC current will continue to oscil¬ 
late indefinitely. Of course there is no such thing as a 
resistance-free circuit. The more resistance in the LC 
circuit the faster the amplitude (strength) of the oscil¬ 
lating current will damp (die) out. This ability to 
maintain an oscillation in an LC circuit is known as 
flywheel effect. It is the basis of operation of all oscil¬ 
lator circuits using LC circuits and determines their 
frequency of operation. 

Most resonant circuits in radio have either the L or 
the C made variable so that the reactances can be 
made to be equal at some desired frequency of oper¬ 
ation. 

The basic formula of oscillation for any resonant or 
anti-resonant circuit is: 

= X L or ^ = 2rrfL 

From the second form of the formula we can alge¬ 
braically rearrange the symbols to develop formulas 
to tell us, for example, what capacitance is needed to 
match a given inductance for a certain frequency of 
operation. These formulas are: 

f = _ l _ 

2iry/Ld 

C = — l — 

Pr/PL 

L = -I— 

(2itJ) 2 C 

where / = frequency in hertz, Hz 
C = capacitance in farads, F 
L = inductance in henrys, H 

For example, if you have a known value coil and 
known value capacitor and you connect them in par¬ 
allel (or series), use the first formula to determine the 
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frequency at which they will be anti-resonant (or res¬ 
onant). 

If you have a known value of inductance and you 
want to know what value of capacitance is required 
to bring such an LC circuit to resonance at a given 
frequency, use the second formula. 

If you have a known value of capacitance and you 
want to know what value of inductance to use with it 
to make it oscillate at a desired frequency, use the 
third formula. 

Before we start wrestling with very big and very 
small numbers, let's make sure you understand 
powers of 10. For example: 

lxl0‘ = 10 
1 x 10 2 = 100 
lx 10* = 1,000 
lxlO 6 = 1,000,000 
lx 109 = 1,000,000,000 

1 x 10 12 = 1,000,000,000,000 

In other words, the power (number) attached to the 
10 indicates how many zeros to add after a 1. Thus, 
3x106 means 3x 1,000,000, or 3,000,000. Also, 
4,250 can be expressed as 4.25 x 103. 

We can also use powers of 10 to express small 
numbers: 

lxlO-* = 0.1 (one tenth) 
lx 10~ 2 = 0.01 (one hundredth) 

1 x 10~* = 0.001 (one thousandth, m) 

1 x 10~ 6 = 0.000 001 (one millionth, n) 
lx 10- 9 = 0.000 000 001 (one billionth, n) 
1x10^12 = 0.000 000 000 001 (one trillionth, p) 

A negative power (such as 10-3) indicates how 
many decimal places to put in front of a number. 
Thus, 3x 10-6 means 3x 1 x 10-6, or 3 x 0.000 001, 
or 0.000 003, which is three one-millionths. Also, 
7.35x 10-4 can be expressed as 0.000 735 by mov¬ 
ing the decimal point over four places and inserting 
the necessary zeros. Note that 10° indicates unity, 
or 1. 

Just for fun, let's see if we can engineer a coil and 
capacitor LC circuit that will resonate at 4 MHz, 
which is one edge of the 80-meter Amateur band. 
Assume we have a 50-pF capacitor to start with. 
What inductance coil do we need? Using the third 
formula, and plugging in the given values, 

L = —^— 

(2irf) 2 C 

L = - l - 

[2(3.14)(4 X 106)) 2 (0.000 000 000 05) 

L = —.. l _ 

(2.5 x 10>*)(5x 10-H) 

(Now subtract 10~ n from 101* = 10 } ) 


3.155x10* 31,550 

L = 0.000 0317Hor 31.7 fiH 


A difficulty with LC circuits is all of the stray resis¬ 
tances and capacitances that may occur in circuits. 
These can degrade the operation of a resonant cir¬ 
cuit. For one thing, all wires have some resistance, 
and as a result the Q of LC circuits tends to be low¬ 
ered. Q can be thought of as meaning quality. A coil 
with little resistance is essentially all inductance and 
no resistance. Its quality as an inductor is high. Qcan 
be determined by 


0 . 


£ = 


2jcfL 

R 


From the second formula form it would be assumed 
that as frequency (/) increases the () would also in¬ 
crease. However, when ac current flows in a wire the 
CEMF tends to force electrons to flow less in the cen¬ 
ter of the wire and more on the outer surface, or skin, 
of the wire. Constricting the usable volume of a wire 
makes the wire appear to be smaller to the ac cur¬ 
rent, and the wire exhibits greater resistance to the 
current flow. This is called skin effect. Skin effect in¬ 
creases the R value in the Q. formula, tending to low¬ 
er the Qat higher frequencies. 

Since capacitors have very little wire associated 
with them they tend to have high Q, even though the 
Q of a capacitor can be computed by the formula 
Q = Xq/R also. In an LC circuit the Q is usually 
assumed to be essentially that of the coil. However, 
when loaded (ac power coupled out of it), an LC cir¬ 
cuit's Q lowers. A high-Q rf LC circuit in a radio re¬ 
ceiver, for example, may have a Q value of perhaps 
100 or more. If loaded normally, the working Q of a 
transmitter amplifier LC circuit may range from per¬ 
haps 8 to 15. If overcoupled the Q_ may drop below 
the value of 8. Adding resistance in series with either 
the capacitor or the inductor of an LC circuit, or 
across the circuit, will lower the circuit's Q. 

Consider an LC circuit connected across an ac 
source whose output ac frequency is variable from a 
low frequency to a very high frequency, fig. 14. At a 
low frequency the reactance of the coil would be 
very low. As a result, the voltage developed across 
the LC circuit would be very small. Most of the ac 
voltage would be dropped across resistor R. At a 
very high frequency, the reactance of the capacitor 
would be very low, and again the voltage across the 
LC circuit would be very small. However, at some in¬ 
termediate frequency, where X L equals X c , the two 
reactances cancel to form a nearly infinite impe¬ 
dance, resulting in maximum voltage-drop across the 
LC circuit and none across R. When this is graphed 
we see a peaked resonance curve, with the LC circuit 
voltage (or current) peak occurring at the frequency 
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of resonance. We can read this curve to indicate that 
the LC circuit's response to frequencies removed 
from the resonant frequency drops off rather rapidly. 
The dashed curve indicates the relative response of a 
higher-Q LC circuit. The higher the Q, the narrower 
the bandwidth of an LC circuit, and the steeper the 
skirts of the curve. 



An application of a resonant LC circuit is shown in 
fig. 15. An antenna wire is connected to a coil and 
the bottom of the coil is "grounded" to a water pipe 
or a pipe driven into the earth. Coupled to this anten¬ 
na coil is the inductor of a tuned LC circuit. The LC 
circuit in this case has a variable capacitor to enable 
the resonant frequency to be changed, or "tuned." 
(A fixed capacitor with a variable inductor might also 
have been used.) There are two different frequency 
radio waves shown crossing the antenna and induc¬ 
ing two different frequencies of ac into it. If the LC 
circuit is made resonant to 7 MHz, the receiver will 
receive maximum response at this frequency, and 
will tend to attenuate (decrease) the response to the 
7.2-MHz signal. If the capacitance is lessened so that 
the resonant frequency of the LC circuit is raised to 
7.2 MHz, this frequency will produce maximum sig¬ 
nal for the receiver and the 7 MHz signal will now be 
attenuated. The basic idea of a radio receiver is to 
use tuned LC circuits to select which frequency is to 
be received. The higher the Q_ of the LC circuit the 
narrower the bandwidth or the more selective the LC 
circuit and the receiver will be. Bandwidth is usually 
measured from the low frequency half-power point 
on the resonant curve, through resonance, to the 
half-power point on the high frequency half of the 
curve. 

The bandwidth of an LC circuit is determined by 
Q, in the ratio 

where BW = half-power point frequencies (in Hz, 
kHz, or MHz) 

fo = resonant frequency (in same units) 

In general, the higher the frequency of resonance 
the wider the bandwidth that LC circuits will have. 
The LC circuits of 28-M Hz Amateur band circuits will 
have much wider bandwidths than 3.5-MHz band cir- 
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cuits. It will be harder to tune out nearby frequencies 
on the higher frequency bands, 

filter circuits 

While most ac signal generators generate only a 
single frequency at one time, there are some special 
devices that can generate what is called white noise. 
This term denotes the production of a broad spec¬ 
trum of frequencies all at the same time, from a few 
hertz to hundreds of megahertz. If a white-noise gen¬ 
erator's output is fed through an L-type (from its L 
shape) lowpass filter, fig. 16A, only the low frequen¬ 
cies will pass through, and the high frequencies will 
be attenuated as indicated by the curve of fig. 16B. 
The circuit of this LP filter can be analyzed as having 
the X L passing low frequencies (low reactance to 
them) to the load resistor, and opposing or atten¬ 
uating higher frequencies. The X c has almost no 
shunting (shorting) effect on low frequencies, but 
acts as a shunt or short circuit across the circuit for 
high frequencies. The larger the L and C values used 
the lower the frequency that the knee of the re¬ 
sponse curve will have. For audio frequency work, 
iron-core inductors are used. 

If the positions of the L and C are reversed, as in 
fig. 17A, and a second inductance is added, a ir-type 
(from its ir shape) highpass filter results. The drop¬ 
off past the knee of the curve is much steeper (B) 
with the added component. In fact, the more compo¬ 
nents used in filters the steeper the skirts become. 

Another form that filters take is the T type (from 
their component configuration), fig. 18. This is also a 
highpass filter, and can have characteristics similar to 
those of the filter in fig. 17. 

Two resonant circuits connected as shown in fig. 
19A produce a band stop filter. If both are tuned to 
the same frequency, 6 MHz for example, XL t XCi 
acts as an infinite impedance to this frequency and 
almost none of this frequency can pass through the 
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filter. If any does, then the zero impedance of the 
series resonant circuit, XL 2 XC2, shorts the ac signal 
at that frequency to ground. A band stop filter is also 
known as a notch filter. Frequencies on both sides of 
resonance will pass, fig. 19B. If the two LC circuits 
are resonant to different frequencies, perhaps 1 kHz 
apart, the curve will flatten off at its base (dashed 
curve) rejecting a wider group of adjacent frequen¬ 
cies, increasing the bandwidth of the filter. If only 
one resonant circuit is used to stop a frequency, such 
an LC circuit may be termed a wave trap. Wave traps 
are handy circuits for keeping unwanted rf ac out of 
electronic equipment. Band stop filters are some¬ 
times called stop-band filters. 

If the resonant circuit positions are reversed, as in 
fig. 20A, the circuit becomes a bandpass filter. Both 
circuits work to pass the frequency to which they are 
tuned. An air-core transformer with either or both 
primary and secondary tuned to the same frequency 
is also a form of bandpass filter. Several of these are 
used in every receiver and transmitter. 
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possible response curve. 


The simple lowpass and highpass filters of figs. 16 
and 17 are known as constant-k filters because if the 
X L and X c values are multiplied together for any one 
frequency, the same product value (or k) will be pro¬ 
duced at any other frequency. These filters do not 
have very steep skirts unless many similar sections 
are used in cascade (one following the other). Since 
every section produces some attenuation of the sig¬ 
nal being passed through it, many-section filters may 
have excessive attenuation values. 

Another form of LC filter, called an m-derived fil¬ 
ter, uses a resonant circuit in it to force a steep slope. 
An example of a 7r-type m-derived lowpass filter is 
shown in fig. 21A with its response curve, fig. 21B. 

Inductor Lj and capacitor C] pass low frequencies 
but attenuate highs as in any lowpass, constant-k fil¬ 
ter. The series resonant LC circuit shorts out its reso¬ 
nant frequency, /„, but the response pops up past 
this frequency until it meets the descending con¬ 
stant-k response, shown dashed. The m value refers 
to the difference in frequency between the knee of 
the constant-k part of the filter and/„. If the knee fre¬ 
quency and /„ are the same, m - 0 and the circuit 
acts like a constant-k filter with a wave trap in it. If 
the frequency at the bottom of the constant-k curve 
and f 0 are the same, m = l and the circuit acts as a 
simple constant-k filter. An m value of about 0.6 
gives a rapid drop-off and relatively little pop up past 
/„, and is often the m value used. 

The m-derived filters can be made in the ir-type LP 
form as shown, or in HP, BP, and BS forms. Com¬ 
posite filters can be made with some constant-k sec¬ 
tions cascaded with one or more m-derived sections. 
All filters are engineered to operate from and into 
given impedance values. If the proper impedances 
are not used, the filter will not work properly. 


If resistors are substituted for the inductors in con- 
stant-k-type, highpass and lowpass filters, the steep¬ 
ness of the resulting curves are not very good. How¬ 
ever, in many cases an RC filter will do the job 
adequately. They are much lighter and less costly 
than LC filters. 

black box circuits 

The FCC speaks of replacement of a voltage source 
and a resistive voltage divider with an equivalent cir¬ 
cuit consisting of a voltage source and one resistor. 
This is an application of what is known as Thevenin's 
theorem, which says in effect, "Any complex resis¬ 
tive circuit with one or more voltage sources in it may 
be replaced with an equivalent operating circuit con¬ 
sisting of a single series resistor and a single voltage 
source." 

The "black box" of fig. 22 illustrates a resistive 
voltage-divider circuit and a battery inside the box. 
All we can see of this circuit are points A and B. 
Effectively, what single resistor in series with a single 
battery will work the same as this more complex cir¬ 
cuit as far as any load connected across terminals A 
and B is concerned? 

The answer to this can be determined by using a 
resistor load, an ammeter in series with it, and a volt¬ 
meter, as indicated. First, we measure the A to B 
voltage with no load. Let's assume it is 25 volts. 
Next, connect the load across A and B and read the 
voltage again. We will assume it is now 20 volts. We 
can say that connecting the load produces a change 
in voltage (delta V, or dV) of d5 volts. When no load 
is connected, the external current flow is zero 
amperes. Let's assume that with the load connected 
the current is 0.8 amp. This means that changing 
from load to no-load conditions produces a d0.8 
amp. Using our delta values in the Ohm's law resis¬ 
tance formula results in R = dE/dl, or d5/d0.8, or 
6.25 0 internal resistance. Since we know that the 
effective internal EMF is 25 volts, the internal circuit 
could be replaced with a 25-volt battery and a 6.2512 
resistor in series. 



internal voltage and resistance. 
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FCC test topics 

Although there are no specific Novice FCC test 
topics in this article, it would be wise for Novice 
applicants to begin to learn the necessary theory for 
future Technician/'General, Advanced, and Extra 
class licenses. 

The following Technician/General class FCC test 
topics are discussed in this article, but should be un¬ 
derstood by Advanced class license applicants also: 

Reactance 

Impedance 

Electrical power calculations 
Power measurement 

- Series and parallel combinations of resistors, of 
capacitors, and of inductors 

Impedance matching 

Turns ratio, voltage, current, and impedance trans¬ 
formations in transformers 

Highpass, lowpass, and bandpass filters 

The following Advanced class FCC test topics are 
discussed in this article, but should be understood by 
Extra class license applicants also: 

Phase angle between voltage and current, given 
resistance and reactance 

Reactive power 

Power factor, given phase angle 

Series and parallel resonance 

Selecting a coil or capacitor to resonate at a given 

frequency 

Resonant frequency, bandwidth and Q. of RLC cir¬ 
cuits, given component values 

Skin effect 

Filters: constant-k, m-derived, stop band, notch, 
pi-section, T-section, L-section (general character¬ 
istics, not design equations) 

Replacement of a voltage source and a resistive 
voltage divider with an equivalent circuit consist¬ 
ing of a voltage source and one resistor. 

Problem answers: 1: 89.4 co. 2: 1.4286, 55 de¬ 
grees, 0.5736, 73.2 u. 3: 0.833, 39.80 degrees, 
0.7682, 39.05 w, 2.561 amps, 76.83 volts, 64.03 volts, 
196.8 watts; it leads. 

For additional information on these subjects you 
can refer to Electronic Communication, by Robert L. 
Shrader, W6BNB, McGraw-Hill Book Company, 
available through Ham Radio's Bookstore. 

ham radio 
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Loading problems 
and cures with regard to 
solid-state transmitters 


ham radio 


TECHNIQUES i G 


My column "A Survey of Antenna 
Tuners" in July, 1981, ham radio 
brought some feedback in the form of 
interesting mail. The subject under 
discussion was the problem of load¬ 
ing a solid-state, high-frequency trans¬ 
ceiver into some of today's modern 
antennas. Many proud users of the 
latest in ham gear experienced load¬ 
ing problems, feedback, TVI, erratic 
operation, a "hot" microphone and 
other melancholy exceptions to nor¬ 
mal operation. 

What is the problem? What causes 
this unusual plague of difficulties? 

It seems to reduce down to this: 
The modern, state-of-the-art, high- 
frequency transceivers with transistor 
output stages all have one thing in 
common — they provide their full 
power into an antenna load only 
under conditions of a low SWR on the 
transmission line. Many solid-state 
transceivers, when presented with a 
high-SWR antenna load, simply start 
to turn themselves off. As an exam¬ 
ple, one popular transceiver, when 
working into an SWR of about 2 to 1, 


will reduce its output by 25 percent 
(100 watts to 75 watts). And when 
the SWR reaches about 3 to 1, the 
transceiver output drops by 50 per¬ 
cent (100 watts to 50 watts). 

Someone may say "small pota¬ 
toes," but a 50-percent power drop is 
a signal loss of 3 dB, and when the 
user is paying for the power, I don't 
see why he can't use it! Fig. 1 sums 
up the problem. 

what to do about 
loading problems 

Perhaps the loss in power output is 
not important, but the attending prob¬ 
lems mentioned previously are often 
coupled with the SWR problem. It is 
all of one piece, so to speak. The 
answer, then, is to tailor the antenna 
system to provide a better and more 
compatible load for the solid-state 
equipment. 

From the mail I get on the subject, 
the antenna that seems to provide the 
greatest loading problems is the pop¬ 
ular tri-band Yagi beam for 10, 15, 


and 20 meters. Sometimes this anten¬ 
na is a "bearcat" to tame, especially 
on 10 meters. So let's take this anten¬ 
na as an example, remembering that 
the discussion applies to other anten¬ 
nas as well. 

The problem breaks down into two 
separate parts. First, getting the rf 
power where it belongs — into the 
antenna — and not where it is liable 
to end up — in the telephone wires, 
utility wires or Grandpa's new stereo 
system. Second, making the antenna 
system compatible with the trans¬ 
ceiver so the latter "looks into" a 
reasonably low value of SWR. Neither 
problem is insurmountable. 

getting the rf power 
where it belongs 

It is easy to allow the output power 
from your transmitter to get into out¬ 
landish places. A favorite 40-meter 
dipole of mine had to be taken down 
because when I ran a few hundred 
watts into it, the dining room light fix¬ 
tures illuminated by themselves, even 
with the light switch in the off posi- 
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tion. And a friend of mine had a talk¬ 
ing garbage disposal whenever he 
went on 15-meter SSB. Many opera¬ 
tors have been bitten from a "hot" 
microphone on 10 meters. Some¬ 
times speech processors break into 
oscillation, or loading changes when 
the microphone is grasped. 

All of this means that the transmit¬ 
ter rf is getting where it is not suppos¬ 
ed to be — into the power mains and 
back into the transmitter's exciter 
stages. There are several ways to 
combat this problem. 

First, it is bad medicine to have the 
station in the near-field of the anten¬ 
na. Getting the antenna up in the air, 
away from the station equipment, 
helps a lot. When the antenna is on a 
short tower right above the radio 
room, the station equipment is ex¬ 
posed to the strong radiation field 
from the antenna. Moving the anten¬ 
na away from the station is the 
answer. Or, moving the station away 
from the antenna accomplishes the 
same result. My antenna, for exam¬ 
ple, is on a tower near my garage. 
Moving the station from the garage 
workshop to a spare bedroom cer¬ 
tainly helped a lot. (My wife had other 
ideas about that move, but that's 
another story.) 

antenna currents 

One aspect of the problem is caused 


by antenna currents that flow on the 
outside of the coax to the antenna. 
Antenna currents can be caused by 
current induced into the outer shield 
of the line because it is in the field of 
the antenna. The worst case is when 
the line length is resonant; that is, a 
multiple of a half wavelength at the 
operating frequency. Under this cir¬ 
cumstance, you have a resonant con¬ 
ductor (the transmission line) in the 
near-field of the antenna. Maximum 
line pickup comes about when the 
transmission line runs parallel to the 
antenna. 

Antenna currents can be reduced 
by detuning the line and moving it so 
that it doesn't run parallel to the 
antenna. In the case of a rotary 
beam, it is a good idea to bring the 
coaxial line and rotor control cable 
down to ground level and run them 
along the ground, or bury them inside 
a garden hose sunk below ground 
level. A bad idea is to string the coax 
and cable above the ground from 
tower to radio room. My coax and 
cables came off my tower at about 
the 10-foot (3-meter) level, then ran 
across the rooftop to the window of 
the operating room. This caused no 
end of problems, especially on 10 
meters. 

I finally dropped the wires down to 
ground level and brought them into 
the radio room through a hole drilled 


into the corner of a closet floor (when 
no one was looking). Relocating the 
cables improved transmitter opera¬ 
tion and stability immensely. 

The ARRL Antenna Book has a 
good dissertation on antenna cur¬ 
rents and how to decouple the line to 
avoid line resonance. The solution 
proposed is to cut the line to a length 
that avoids resonance. Recommend¬ 
ed lengths for the high-frequency 
bands that avoid the problem are: 27, 
39, 57, 76, 95, 110, and 145 feet (8.2, 
11.9, 17.4, 23.2, 29, 33.6, and 44.2 
meters). 

the line choke 

Another approach is to wrap a few 
turns of the transmission line into a 
coil, forming an rf choke, that will 
suppress antenna currents that might 
flow on the outside of the outer shield 
of the coax. I have used five turns of 
RG-8A/U, about a foot (30.5 cm) in 
diameter, In one instance, where I 
didn't use a balun, but fed a balanced 
beam with a coaxial line, I noticed 
that my front-to-back ratio was very 
poor. The beam seemed to have a 
bidirectional pattern. The five-turn 
choke coil was placed in the coaxial 
line, atop the tower, and about 3 feet 
(0.9 meter) from the feedpoint of the 
beam. (Placement was determined by 
the fact that I am a coward atop the 
tower, hanging on with both arms 
and a safety belt.) Once the line was 
wrapped and taped into a roughly 
shaped coil, the front-to-back ratio of 
the beam improved dramatically. 

Another stunt is to wrap two turns 
of the transmission line around a 
large ferrite core. I've used the 
Amidon T-200 (6-mix, yellow, with a 
u = 8) with two turns of RG-8A/U 
through it in a 12-inch (30.5-cm) 
diameter coil with good results, too. 

summing up 

So there you have it. Don't run 
your coax line parallel to the antenna 
elements or, if you must, run it along 
the ground. Do make sure your coax 
line is not resonant at your operating 
frequencies. Either detune the line by 
trimming it to the previously sug- 
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gested lengths, or wrap a portion of 
the line into an rf choke. Bring the 
line down the tower — don't run it off 
at an angle below the antenna. 

if all else fails 

Sometimes attention to antenna 
currents on the transmission line 
doesn't completely solve the problem 
of rf feedback, a "hot" microphone, 
or RFI (Radio Frequency Interfer¬ 
ence). / know. Some years ago I lived 
in an area remarkably free of TVI. I 
had no TVI problems, including TVI in 
my own home. One fine day a neigh¬ 
bor decided to add an extra room to 
his garage — sort of a combined rum¬ 
pus room and workshop. No sooner 
was the room added when the neigh¬ 
bor complained to me of severe TVI 
from his new set installed in the 
garage room. Sure enough, I wiped it 
out! And a highpass filter in the TV 
lead in didn't seem to do any good. 

Well, after a lot of fruitless investi¬ 
gation, on-the-air checks, and so on, 
we discovered that the TVI on this 
particular receiver could be completely 
eliminated by merely moving the set 
from the garage room back into the 
house! 

It seems that my neighbor's house, 
my house, and the surrounding houses 
had been wired with solid electrical 
conduit. That is, all electric wiring 
was encased in metal conduit which, 
in turn, was grounded at several 
points in the homes. 

To save building costs, my neigh¬ 
bor decided that conduit was too 
expensive, so his new garage room 
was wired with exposed, knob-and- 
tube wiring! The result was that the 
electrical wiring acted as a giant 
antenna, picking up my signal and 
pumping it directly into the power line 
of the TV set. Moving the set back in¬ 
to the house, which was wired with 
solid shielded conduit, completely 
protected the vulnerable input cir¬ 
cuits of the receiver. 

What to do? Investigating around 
the attic area of the new room revealed 
that the 120-volt wiring was as "hot 
as a baker's apron" when I was on 20 


meters, less so on 15 meters, and 
again sensitive to 10-meter operation. 

It was impossible to retroactively 
shield the wiring, so an attempt was 
made to cool things off. At every wall 
outlet each side of the power line was 
bypassed to the neutral wire (a three- 
wire circuit: 120 volts, 120 volts, and 
ground) with 0.01-jzF 1.4-kV disc 
ceramic capacitors, rated for 125 
volts ac and 1400 volts dc. (The 
capacitors are tested at 2800 volts.) 

Three well known manufacturers 
that supply these line capacitors, and 
their type number are: Aerovox type 
AC-7, Centralab type CI-103, and 
Sprague type 125L-S10. These capa¬ 
citors, or their equivalents, are suit¬ 
able for the 120-volt, 60-Hz power line. 
Do not use garden-variety 600-volt 
disc ceramic capacitors, as they are 
not rated for this service. 

Bypassing the line at various points 
helped to clean up the trouble, and 
when a highpass filter was placed in 
the ribbon line to the TV set, it did the 
job. Result: no more TV| in the new 
garage room! 


the line flattener 

Taming the rf floating around the 
radio room and cleaning up your 
neighbor's receiver doesn't go all the 
way in solving the loading problems 
inherent in some solid-state rigs, but 
it surely helps. The last trick in the 
deck is to use a line flattener — this 
is a simplified matching network that 
is placed between the transmitter and 
the antenna to reduce the SWR on 
the line to a value acceptable to the 
transmitter. Mind you, the SWR at 
the antenna and on the line doesn't 
change — the line flattener is merely 
a matching device that makes the real 
world more palatable to the station 
equipment. A good line flattener can 
drop an SWR of more than 5 to 1 to 
unity in the wink of an eye! 

The schematic of a line flattener for 
power levels up to 250 watts PEP (or 
slightly more) is shown in fig. 2. A 
connoisseur will recognize this circuit 
as a simple pi network with three 
adjustable components. The line flat¬ 
tener is inserted into the transmission 
line after the SWR meter, and the 



fig. 2. Line flattener for coaxial cable. Many components for the line flattener can 
be found in the junk box. J1. J2 are coaxial receptacles to match the plugs used in 
your antenna system (type SO-239 receptacles mate with plug PL-259, for exam¬ 
ple). Capacitors Cl and C2 are 100 pF (for 10-15-20 meter operation) and 2S0 pF for 
40-80 meter operation. Single-spaced, receiving types will be satisfactory for 
power levels up to 100 watts PEP output. For higher power levels, the surplus ca¬ 
pacitors found in the BC-series "Command" transmitters are ideal. Fair Radio 
Sales, in Lima. Ohio, has a good selection of transmitting capacitors. 

The coil. LI, is ten turns of No. 12 (2.1 mm) 1 inch (2.54 cm) diameter and 1-1/2 
inches (3.8 cm) long (10-15-20 meters); 20 turns. 1 inch (2.54 cm) diameter 3 inches 
17.6 cm) long (40-80 meters). Five taps, every other turn on every fourth turn. The 
coil is not critical; the air-wound type is satisfactory, or it may be hand wound on a 
ceramic form. Use what you have. Switch SI is a ceramic affair with an insulated 
shaft extension. Or. it may be mounted on an insulated plate affixed over an over¬ 
sized panel hole. Remember: the arm of the switch is at rf potential. Again. Fair 
Radio Sales is a good choice for suitable switches. 
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controls are adjusted to reduce the 
SWR to a minimum value. Suitable 
components for the line flattener are 
listed in the drawing caption. 

To keep everything shipshape and 
rf tight-, the line flattener should be 
built into an enclosure such as an alu¬ 
minum utility cabinet. The Bud AU- 
1040, measuring 9 by 6 by 5 inches 
(22.8 by 15.2 by 12.7 cm), will do the 
job as will any equivalent cabinet that 
is all-metal and does not have plastic 
end panels. The input and output 
coaxial fittings can go on either end 
of the cabinet, or on the rear, de¬ 
pending upon your particular equip¬ 
ment layout. 

It is a good idea to use extra screws 
to hold the box panels in place; the 
box is pretty leaky when it comes to rf 
shielding. And don't forget to clean 
any paint off the mating lips of the 
box and panels to make a good elec¬ 
trical joint. 

tuning the line flattener 

Easy! Place the SWR meter be¬ 
tween the line flattener and the coax 
line to the transmitter. You'll need a 
short, extra length of line to reach 
from flattener to transmitter. And be 
sure to properly install all coax plugs 
on your antenna line as recommend¬ 
ed by the manufacturer. A sure-fire 
way to get into trouble is to improper¬ 
ly use the connectors. The tempta¬ 
tion is great to jam the connectors 
onto the cabje and forget about 
soldering the shield and inner con¬ 
ductor. Don't do it! 

When everything is together, fire 
up the transmitter and adjust the con¬ 
trols of the line flattener for the low¬ 
est value of reverse power (or SWR) 
as read on the SWR meter. That's all 
there is to it. Log the control settings 
for each band for future use. 

Need more information on anten¬ 
nas, feedlines, and beams? Read The 
Radio Amateur Antenna Handbook, 
by W6SAI and W2LX. It's available 
from Ham Radio's Bookstore, Green¬ 
ville, NH 03048. Price, $6.95 plus $1 
to cover shipping and handling. 

ham radio 
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II coupon is missing, 
write Heath Co.. 
Dept. 122-822 
Benton Harbor. Ml 
49022 
In Canada, write 
Heath Co., 1480 
Dundas Highway East, 
Mississauga, 
Ontario L4X 2 R7 


Plus a complete line of antennas and acces¬ 
sories...all money-saving values, now. in the 
new, 104-page Heathkit Catalog. Send for 
yours today. 





Please send my free Heathkit Catalog. 
I am not currently receiving one. 

Send to Heath Co., Depl. 122-822 
Benton Harbor, Ml 49022 
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earth stonehocker, KORYW 


last-minute predictions 

The lower-frequency bands are ex¬ 
pected to be favored for DX for the 
first half of the month; then the high¬ 
er bands, 10-15-20, will pick up with 
excellent openings in the last part of 
the month. Some periods of distur¬ 
bance may be experienced around 
the 10th, 19th, and 30th, with fairly 
lengthy (3-5 days) of low signal 
strengths on polar paths and excel¬ 
lent trans-equatorial long-hop open¬ 
ings. Both paths may have some 
QSB and DX from unusual locations 
associated with the disturbances. 

October is an equinoctial month so 
expect more than normally disturbed 
conditions. The solar flux is still high 
enough in the declining part of the 
11-year cycle to give good high maxi¬ 
mum usable frequencies for trans- 
equatorial propagation. The 10 and 
15 meter bands have most of this 
type propagation as one can see on 
the paths to the south, southeast, 
and southwest on the chart. Even 
some of the 10-meter openings are 
marked with an asterisk, which indi¬ 
cates possible openings on 6 meters 
during that hour during the month. 
The best chance for these openings 
are during high solar flux values and 
high geomagnetic A or K values as 
broadcast from radio station WWV at 
18 minutes after each hour. 


During October the Orionid meteor 
showers are visible from the 15th to 
the 25th. The maximum rate is be¬ 
tween 10-20 per hour on the 20-21 st 
of the month. The moon is full on the 
13th and perigee on the 15th of the 
month, which may be of interest to 
the moonbounce DXers. 

October may be a good month to 
get antennas ready for the winter DX 
season, since the summer yard work 
is over. You may want to consider 
how effective your antennas are in 
coupling to the ionosphere (see Janu¬ 
ary 1981 DX Forecaster). For getting 
maximum distance per hop to your 
favorite DX land for short skip, E re¬ 
gion propagation of 1200 miles (2000 
km) you need a takeoff angle of 
about 20 degrees, and for long or reg¬ 
ular skip to about 2500 miles (4000 
km) about 10 degrees. For the higher- 
frequency DX bands with the usual 
horizontal antennas this is approxi¬ 
mately 0.75 wavelength and 1.25 
wavelength heights above ground re¬ 
spectively. This table gives the ap¬ 
proximate heights in feet to shoot for: 


band short skip regular 

10 25 40 

15 38 60 

20 50 80 


Hope you have a good DX season 
coming up. 


band-by-band forecast 

Six meters should provide frequent 
band openings with a peak during the 
early afternoon hours on many days. 
Trans-equatorial north-south paths 
will be the best. Your guide to possi¬ 
ble openings will be strong openings 
on 10 meters and high values of solar 
flux. 

Ten and fifteen meters will be loaded 
with good DX signals from morning 
until early evening hours almost every 
day. Times of geomagnetic distur¬ 
bance will limit the number of signals 
heard, but listen carefully — they can 
be from very unusual places. Fifteen 
meters should be open later in the 
day than 10 meters. So, hit 10 first 
and finish off with 15. 

Twenty meters will be the main day¬ 
time DX band, as it is almost always 
open to some part of the world. It 
opens to the east as the sun rises and 
extends into the late evening hours to 
the west, Geomagnetic disturbances 
do not affect this band as much as 
the higher ones, but still look for un¬ 
usual trans-equatorial DX locations to 
be coming through once in a while. 
One-hop trans-equatorial DX of 5,000 
to 7,000 miles (8,000 to 11,200 km) 
may be possible in the late evening 
hours during some of these unusual 
conditions. 

Forty and eighty meters will have 
much short skip during daylight hours 
and turn to DX after dark. The bands 
will open to the east soon after sun¬ 
down, swing more to the south to 
Latin America about midnight, and 
end up to the Pacific areas during the 
hour or so before dawn. Some nights 
these bands will be as good as during 
the winter DX season coming up in 
IMovember-February. The coastal re¬ 
gions usually have the edge for work¬ 
ing the rare DX on these bands. 

One-sixty meters will be quieting 
down substantially now. This band 
should have renewed interest in DX 
possibilities with LORAN phasing out 
and privileges restored. It works 
much like 80 meters so give it a try. 

ham radio 
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‘Look at next higher band for possible openings. 
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avoiding built-in digital- 
circuit problems, part two 


Part one of this series stressed the importance of 
timing to avoid the race condition by providing exam¬ 
ples of different counter circuits. Race conditions 
and spikes are found in all marginal logic designs. 
But all have solutions. This part of the article looks 
deeper into counter chains; shows methods of sup¬ 
ply bypassing and handling switch controls; and pro¬ 




fig. 11. Simplified schematic of 74161 and 74163 
counters showing ripple-carry output generation. 


vides methods of reducing RFI for all logic circuits. 

an inside look at a 
synchronous counter 

Fig. 11 is a simplified schematic of the ripple carry 
output circuit in 74161 and 74163 counters. A carry 
output will not occur until all counter stages are high 
and the enable-T pin is high. This configuration 
allows cascading devices to be used, so that a carry 
output from the last device occurs only when all 
previous counters are high or logic 1. 

A counter cascade, such as in fig. 12, should work 
well. But I've found a situation with 74163 devices 
that causes a small glitch that can make the output 
unsuitable for driving other circuits. The cause is a 
small, differential delay, between a) the enable-T 


By Penn Clower, W1BG, 459 Lowell Street, 
Andover, Massachusetts 01810. 
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path to carry out, and b) the counter toggling to 
carryout. 

causes, cures and don't-cares 

Spike generation is set up when all counters 
except the last are all ones; the last is one count less 
than all ones. Enable-T input of the last counter is 
high. Arrival of a clock edge begins to toggle all 
counters. All but the last go low after a short delay, 
while the last counter goes high. 

Enable-T input of the last counter can remain high 
slightly longer due to its output gate delay. If this 
high state remains, the last counter carry output can 
go high for 10 to 30 nanoseconds. This short high 
state is shown in the lower, expanded-time trace of 
fig. 13. With an amplitude of about a volt, it may or 


n_ l 

_K 


fig. 13. Dual time trace of output of last stage in 
counter cascade of fig. 12. Upper trace is 20 p.sec per 
division. Bottom trace is expanded time of upper trace 
center at 100 nsec per division to show spike. 
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may not affect any following circuitry. 

Low-pass filtering of long (breadboard) leads may 
mask this spike, but it can show up in the final, clean- 
layout circuit. One way to eliminate the spike is to 
carry it through a low-power inverter to the next cir¬ 
cuit. This works with a 74L TTL inverter following a 
medium-speed or 74LS counter; interfamily loading 
rules must be followed to apply the 74L inverter prop¬ 
erly. 

If following circuits are clocked by the same coun¬ 
ter input line, the glitch will not affect operation. 
Clock-triggered devices must have inputs set up 
before the clock edge arrives. The best design is one 
that pays attention to time delays before using any 
family mixes or R-C brute-force filtering. You must 
study all the fine print in data books. 


initialization 

Initialization is the process of defining starting con¬ 
ditions so that a sequence can begin correctly. 
There's no guarantee that a flip-flop will start up in a 
desired state, so all counter or shift register feedback 
gating must ensure that any start-up state will even¬ 
tually get into the desired sequence. 

A divide-by-20 counter could be made with a 20- 
state, circularly connected shift register. If 19 states 
are low and one is high, the single high bit will cycle 
around once for every 20 clock pulses. There must be 
some setup to achieve this pattern when starting; 
odds of starting by chance are one in 52,428.* This is 


*20 acceptable patterns out of 2 20 possibilities. 
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fig. 15. Example of external digital data switching. Data 
lines act as antennas for RFI and cannot be filtered 
without destroying data. 


simply ones or zeroes, disregarding actual voltages. 
If a digital device has supply-line spikes, outputs of 
that device will have spikes, and a following 1C may 
interpret these as signals. 

power-supply wiring 

Proper routing of power-supply currents is crucial 
in dense circuits. Those with a modest amount of ICs 
will benefit from care in routing. Supply-line spikes 
are generated by logic state changes in concert with 
parasitic supply line and ground inductance. 

A clue to the ground-noise problem is a system 
malfunction when individual system circuits, such as 
breadboards, work well by themselves. Relief may be 



an extreme chosen to make the point, but many real- 
life situations do occur. 

Start-up states could be initialized by extra circuit¬ 
ry and a front-panel switch. A better way is to study 
the design in detail and, if necessary, add or rear¬ 
range gating for automatic initialization on start up. 

layout 

Anyone who has built high-gain amplifiers knows 
that outputs are not placed close to inputs. A com¬ 
pleted layout is never exactly like its circuit diagram, 
since all components have parasitic capacitance, 
resistance, or inductance. Proper layout can mini¬ 
mize feedback and parasitics. This is also true for dig¬ 
ital circuitry. 

It is all too easy to think of digital signals as being 


achieved by adding bypass capacitors directly at 
high-current ICs. These capacitors provide local cur¬ 
rent storage, which reduces the high-frequency cur¬ 
rent drawn through the entire supply system. 

A better correction to decreasing supply impe¬ 
dance is a "supply tree" shown in fig. 14. A conven¬ 
tional daisy-chain supply of fig. 14A would make 
U1 susceptible to supply glitches from all others. The 
tree configuration of fig. 14B spreads supply spikes 
to small branches, while capacitors smooth out 
branch currents. 

layout for the supply lines 

Power and ground conductors should be as large 
as possible; inductance decreases as surface area 
increases. A good way to reduce impedance is to use 
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a double-sided circuit board with ground on one side, 
supply on the other. Supply impedance becomes 
quite low.* 

Nonprinted layouts should avoid the supply daisy 
chain of fig. 14A. Bypass capacitors should be 
added locally. Ceramic caps with values from 0.001 
to 0.1 fiF, are typical. Leads should be short to avoid 
series resonance. Harmonic content of spikes is quite 
high, and a bypass capacitor above series resonance 
will become an inductor. Electrolytic or tantalum 
caps in the 1-10 /iF range should be added to provide 
low-frequency smoothing on each board. 

off-board wiring 

Long digital lines to and from the board are sus¬ 
ceptible to crosstalk, signal distortion, and RFI. An 
example is that of fig. 15. The panel switch is a data 
selector. Long lines to the switch cannot be filtered 
without destroying the data, and they act as anten¬ 
nas for rf pickup. A better solution is to add a dc-con- 
trolled digital selector on the board, such as the quad 
gate in fig. 16. External control is a dc line that can 
be easily filtered without disturbing data selection. 

Many medium- and large-scale ICs have dc control 
inputs. Using these inputs allows, among other 
things, oscillator switching, presetting counters, and 
resetting flip-flops. Multiple data-line switching can 
be done with multiplexers such as the 74150 or 
74151. Adding another device may be a bother, but 
the RFI elimination may be worth the expense. 

curing switch-contact bounce 

A clocking waveform should never be generated 
directly from a mechanical switch. Switches bounce, 
stutter, and generate a number of transitions for 
each operation. 

A new pushbutton switch was connected, as in 
fig. 17A. The output appears in fig. 18. It can get 
longer and more ragged with age. The cure is to add 
two gates in a flip-flop latch arrangement, as shown 
in fig. 17B. The first low input from either contact 
will flip the latch, providing both a sharp logic step 
and masking the following contact bounce. Gate in¬ 
puts can be heavily filtered for RFI. 

explanations, experience, 
and understanding 

Many possible explanations are available as to why 
a digital design doesn't work properly. Some faults 
may be due to inexperience, such as wrong applica¬ 
tion or lack of complete knowledge of an IC’s opera¬ 
tion. 


•Commercial prototype PCBs with individual circuit bypasses are available. 
While expensive, they are worthy of consideration. 
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fig. 18. Output from simple switch in fig. 17-A using a 
new switch. Contact bounce has created at least eight 
positive-going edges instead of one. 


As you gain more experience and learn from past 
mistakes, your success rate will increase. Bigger and 
better things will be attempted; bigger projects may 
have subtle problems that aren't solved by a quick 
flip through a data book. The purpose of this series 
of articles is to explain causes and cures of some of 
these very subtle problems. 

I hope that understanding a problem will put you in 
a position to decide on the cure. The key to success 
lies in understanding why something hasn't worked 
in the past, so that you can apply the appropriate 
measures to the present. The alternative answer is to 
restrict yourself unnecessarily with a constantly 
growing number of design guidelines. 

I shall be glad to answer letters eccompenied by 
self-addressed, stamped envelopes, but I will not 
critique circuits through the mail. 

ham radio 
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ICOM 701 owners’ report 


A survey of 
owners’ opinions 
on the ICOM 701 

In recent months, ham radio has presented the 
results of its Collins owners' survey. Thanks to all 
who participated. This month, we are presenting the 
results of our survey of the owners of the ICOM 
IC-701 transceiver. Ninety responses were received 
and tabulated. 

The IC-701 is a solid-state transceiver that delivers 
100 watts PEP output on all modes and bands, 160 
through 10 meters. It uses a single control knob to 
tune built-in dual VFOs; frequency readout is by 
means of eight-digit LEDs. Tuning of the synthesizer 
can be done at either 100 Hz per division (5 kHz per 
turn) or 10 kHz per division (500 kHz per turn). 

the good features 

In response to the question. What is the rig's best 
feature?, the most frequent responses were small 
size (portability) and the built-in dual VFOs. A full 32 
percent of ail who responded to this questionnaire 
mentioned the small size of this transceiver, and its 
applicability as a mobile rig, as one of the best 
features. Thirty percent of the 701 owners who 
replied to the questionnaire mentioned the dual VFOs 
and split-frequency operation. 

Other features of the 701 frequently mentioned 
were the solid-state advantages of the transceiver 
and the fact that no tune-up is necessary, the ease of 
operation, and the rig's stability. Here are some rep¬ 
resentative comments: 

"Receiver section. Separate rf stage per band. Ex¬ 
cellent dynamic range on 80 and excellent sensitivity 
on 10." - AK0P 


"Stability, no-tune output." — N7BZ 

"Synthesized, large digital display, dual VFOs." — 
K0MK 

"Built-in dual VFOs, CW filters, portability (the rig 
was used on a mini-DXpedition to Rhodes and 
Crete), 100-Hz tuning segments (after I got used to 
itl), useful meter." — W6GBG 

"Digital step tuning that allows selection of tuning 
speed, microprocessor interface capability, simple 
controls yet sophisticated capabilities, solid state 
finals, dual VFO systeml The headphone jack that 
works with either mono or stereo phones is a stroke 
of geniusl" — N1BEJ 

"Reliability, no problems at all; sensitive receiver." 

- KB5CA 

"Compactness, easy to use and operate and 
extremely stable. It's pretty too." — K5ESG 

"Ease of operation, fast frequency change via 
high-speed tuning mode, and exceptionally wide 
bandspread in slow tuning mode. This rig is simplici¬ 
ty itself to operate. Once the af/rf gains and mic/CW 
levels are set, just tune around and operate," — 
WB1CHY 

"Accuracy of frequency readout and ease of drop¬ 
ping to low power." — W5QAR 

"Very easy to use, dual VFOs, good filters, etc., 
but mostly I like it because I just turn it on and go!" 

- AA70 

"Compactness, multiple features, stability, good 
audio on both transmit and receive, ability to inter¬ 
face with RTTY easily. It is a classic, ahead of its 
time. I own two, one mobile and one in the house." 

- W4VOL 

"Wonderful synthesized frequency control and 
readout system." — W7EMP 


By Martin Hanft, WB1CHQ, Production 
Editor, ham radio magazine 
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fig. 1. How the ICOM 701 was rated in each of 12 categories. 


"Rotary dial with digital readout is the smoothest 
dial I have ever used, because of the electronic 
method of operation. Stability of the frequency read¬ 
ing is perfect and frequency itself is extremely stable. 
Audio quality and sensitivity are excellent!" — 
VE3UD 

"Ease of operation. Everything you need is right up 
front." - KA0EJX/5 

"No tuneup, just turn it on and go. Built in dual 
VFOs. At the time I purchased the rig there were no 
options available — it had everything!" — N5ADJ 

"Dual VFOs built in. Ease of operation. Portability 
and mobile use. A lot for the money." — WA2DXJ 

"Broadband tuning and high quality construc¬ 
tion." - W2JCM 

"Operating convenience." — KA1CMR 

"I can swish across the band with a twist of the 
wrist and not have to retune the final. A great 
feature." — K7GCO 

"Slow tuning rate makes it very easy to scan the 
band." - AA4RE 

"Very selective and sensitive receiver, compact 
size, excellent speech processor. Almost no distor¬ 
tion with the extra average power." — NH6B 

"Probably the most advanced circuitry in all ham- 
dom." - VE3AHR 

"In my opinion the fast bandswitching and QSY 
with no tuneup of the final is the best feature. I also 
am very impressed with the performance of the 


receiver. The frequency control features and stability 
are outstanding." - WA5JXC 

and the bad 

In response to the question, What is the rig's worst 
feature?, the highest percentage of respondents, 13 
percent, replied that the worst feature of the 701 is 
the fact that the radio returns to the bottom of the 
band every time it is turned off. One Amateur, who 
apparently has power-failure problems, said that this 
is an inconvenience for him, especially when operat¬ 
ing split frequency. 

The second most frequent complaint was about 
the front-panel knobs, which were described by 
many as "tiny." Twelve percent of those responding 
mentioned the size of the knobs on the front panel. 
Other features named as worst included lack of pass- 
band tuning on CW, low power output, lack of full 
break-in, and a tendency for the finals to get too 
warm. Here are some sample replies to the question, 
What is the rig’s worst feature? 

"Next to impossible to repair yourself because of 
small size and board layout. Instruction book doesn't 
help much." — WB3FYL 

"Seems to lack punch in a DX pileup. Power 
reduction occurs rapidly away from a 50-ohm load. 
Linears used must have tuned input." 

"Non-linear VFO frequency response." — N2AQS 

"When you power the rig up or change bands it 
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the survey had never had any sort of problem with 
the 701. The most common problem that was report¬ 
ed was blown final transistors: in many instances this 
was attributed to the operator's own carelessness. It 
is very likely that the 701 is the first solid-state rig 
ever owned by many of the Amateurs responding to 
this survey, and that fact may account for at least a 
few of the blown final transistors. There were also 
the usual sprinkling of assorted problems, including 
some cold solder joints, diode failures, and dirty 
switch contacts. Here are a few sample responses to 
the question, Have you had any problems with this 
rig? 

"Cold solder joint. Had to return the rig to Dallas. 
This happened after six months of use." — WA2DXJ 
"Output transistor failure in first few months, but 
corrected under warranty." — WB6LSP 
"T/R switch section went bad and blew finals." — 
K7GCO 

"Rf feedback with the eletret desk mike." — 
VE5YD 

"Fan never worked from the day it was placed in 
line." - HP1XRK 

"Antenna switching diodes shorted." — DJ4EI 
"T/R switching diodes blew up." — DF2KT 
"Finals failed when tuning up end-fed wire with 
tuner at full power. They were replaced at no cost 
with a caution to tune at reduced power." — K8EX 
"Mode switch defective; intermittent CW recep¬ 
tion." - NH6B 

"None. In terms of maintenance, this has been the 


always starts at the bottom of the band." — 
WA0VNH 

"Low power output." — K9GA 

"Passband tuning not usable in CW mode." — 
AK0P 

"Overloads. Shotgunning when strong signals 
close. Not selective enough." — N7BZ 

"None." - K5STR 

"Too easy to use. I am always on the air, and my 
XYL threatens divorce." — N9AGB 

problems 

The most common response to the question, Have 
you had any problems?, was "None." That is certain¬ 
ly a strong recommendation for the ruggedness of 
this rig. Some 36.6 percent of those responding to 
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finest piece of equipment I've ever used." — K9BIL 

"None! It gets almost constant use now and still 
no gremlins or breakdowns." — KB5AH 

"Using the standard ICOM mikes I have had rf 
feedback problems when used with a linear amplifier. 
Bypassing and filtering have not helped.” — 
WA5JXC 

"Continual problem with the mode switch; have to 
switch and wiggle for good contact." — N7BZ 

accessories and related findings 

WBICHY's response to the question, What acces¬ 
sories have you purchased for this rig?, was typical: 
"None needed. Everything needed comes as stan¬ 
dard equipment — VFOs, mike, and power supply. 
Great!" It's not surprising, then, that 38 percent of 
those surveyed have never bought an accessory. 
Most of the Amateurs who did buy accessories 
bought either ICOM's RM2 remote controller (27 per¬ 
cent) or the EX1 extension terminal (17 percent). 
About 7 percent of those responding mentioned key- 
ers, and some 6 percent had acquired a tuner. Three 
percent had purchased a desk mike. 

To the question, Have you had the rig serviced?, 
46 percent answered yes, 54 percent no. Of those 
who did have factory service, 85 percent found the 
service satisfactory. Eighty-four percent reported 
that they were able to obtain all the accessories and 
parts they needed, and 90 percent of those who had 
obtained accessories or parts found them satis¬ 
factory. 

Among the 90 Amateurs who responded to the 
ICOM 701 questionnaire, there were only two 
Novices and one Technician. Fifty percent of those 
who replied held an Advanced class license, thirty 
percent held an Extra class ticket, and 18 percent 
were Generals. 

The following twelve categories were scored from 
1 to 10 (with 1 being poorest, 4 to 6 average, and 10 
perfect): Ease of Operation, Reliability, Durability, 
Instruction Book, Factory/Dealer Service, Quality of 
Workmanship, Performance, Maintenance, Parts 
Availability, Accessories (ease of connection). Price, 
and Flexibility. The scores are reported in fig. 1. 

would you buy one again? 

Seventy-seven percent of those responding said 
that, yes, they would buy a 701 again. That's a very 
good showing, and one which demonstrates the 
ICOM 701 to be one of the most popular rigs we've 
covered in this series of owners' surveys. No one rig 
can satisfy everyone. But with 77 percent of the 
owners of ICOM 701s reporting that they would buy 
one again, it's clear that the ICOM people are doing 
something right. ham radio 
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POWER SUPPLY KIT FORABOVE WITH CASE . ' ' $24.95 

FACTORY WIRED 4 TESTED . $34.95 
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IE DELUXE DECODER 


----~ ..NO SOLDER flowed 
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$69.95 

DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM 
7206 CHIP PROVIDES BOTH VISUAL AND AUOIO INDICATIONS' COMES WITH ITS OWN 
TWO-TONE ANODIZED ALUMINUM CABINET. MEASURES ONLY 2-3/4" x 3-3/4". COM¬ 
PLETE WITH TOUCH-TONE PAD. BOARD. CRYSTAL. CHIP AND ALL NECESSARY COMPO¬ 
NENTS TO FINISH THE KIT PRICED AT $29.95 

NEW - 16 LINE DELUXE ENCODER $39.95 

FOR THOSE WHO WISH TO MOUNT THE ENCODER )N A HAND HELD UNIT. THE PC BOARD 
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STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95 

BUY BOTH THE MEMORY AND THE KEYER AND SAVE COMBINED PRICE ONLY $32.00 
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..— H READOUTS. 13 TRANS , 3 CAPS. 9 RESISTORS. 5_ 

BUTTON SWITCHES. POWER TRANSFORMER AND INSTRJCTIONS. DON'T BE FOOLED BY 


AC OR DC. AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD. COM- 
U ELECTRONIC COMPONENTS AND TWO-PIECE. PRE-DRILLED PC BOARDS. 


INFORMATION — ORDERS OVER $2 


LL BE SHIPPED POSTPAID 


AS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LE 


THAN $20.00 PLEASE INCLUDE ADDITIONAL $1 
CHARGES SEND SASE FOR FREE FLYER 


IR HANDLING AND MAILING 


t Hobby-Blox System) 

HalTronix 

-hai- P.O.BOX 1101 

HAROLD c. nowland SOUTHGATE, MICH. 48195 
wbzxh PHONE (313) 285-1782 


October 1981 Bfl 59 








SWR meter 

for the 

high-frequency bands 


An easy-to-build 
swr meter 
for beginner or old hand 

The SWR meter, or standing wave ratio meter, is a 
small, self-contained device that provides an indica¬ 
tion of the match — or degree of mismatch — 
between your transmitter and antenna system. The 
unit described here covers the high-frequency bands 
(80 through 10 meters) and is designed to operate 
with 50-ohm coaxial feedline, such as the popular 
RG-8 and RG-58 coaxial cable used in many Amateur 
installations. The sensitivity is such that it will 
operate well with most of today's transceivers in the 
100+ watt class, and the unit can be left in the line 
for continuous monitoring of the system perform¬ 
ance. 

For ease of operation, two meters are employed in 
the design, thus allowing simultaneous readings of 
both the transmitter output and the reflected voltage 


without switching. A single control, used for calibra¬ 
tion, is the only operator control on the SWR meter. 

This SWR meter is ideal for the first-time builder, or 
for the casual builder who does not have a lot of 
special tools at his disposal. Common hand tools and 
a drill are about all that are required for the project. 
The construction is easy and the component count is 
low. The parts cost is also low. The completed unit 
measures 5 inches wide by 6 inches deep by 3 inches 
high (13 x 15x8 cm). 

the circuit 

The circuit of the SWR meter, as shown in fig. 1, 
has been in use among the Amateur community for 
many years and has been constructed in many differ¬ 
ent forms. The rf signal from the transmitter is 
applied to the SWR meter via the input jack J1. From 
J1, the signal travels along the coaxial-cable center 
conductor to the output jack J2, where it exits the 
metering package for the antenna feedline. Within 


By Ken Powell, WB6AFT, 6949 Lenwood Way, 
San Jose, California 95120 
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the metering package we try to maintain the 50-ohm 
characteristics of the overall system, so as not to 
make the meter look like a "bump" or mismatch in 
the feedline system, 

The two sense lines which parallel the coaxial- 
cable center conductor pick up a small portion of the 
rf signal, and this bit of the signal is rectified, filtered, 
and applied to the meters for monitoring purposes. 
Germanium diode CR1 and its associated sense line 
will pick up the incident or forward signal, rectify it, 
filter it with capacitor Cl, and display the magnitude 
of this signal on the forward meter, Ml. In a like 
manner, CR2 and its associated sense line will sam¬ 
ple the reflected or reverse signal and present its 
magnitude on the reflected meter, M2. The sense 
lines and their associated circuits are identical but 
arranged in such a manner as to read the sampled 
voltage developed in the cable assembly in opposite 
directions. The use of two meters allows us to meas¬ 
ure both of these samplings at the same time without 
the need for switching. 

The calibration control R1/R2, which is a dual 
potentiometer, is used to maintain both metering cir¬ 
cuits at the same level of sensitivity. This is necessary 
since the relationship of the forward and reflected 
meters must be constant. In use , the transmitter is 
keyed and the calibration control adjusted for a full 
scale reading on the forward meter. This adjustment 
of the control will set the same level of sensitivity on 
both meters, and the SWR, or percentage of reflect¬ 
ed voltage, can be read directly on the reflected 
meter. The reflected reading represents the portion 
of rf voltage that has been applied to the feedline but 
has been reflected back from the antenna system 
due to mismatch. 

The setting of the calibration control will differ 
from band to band, because this type of sampling cir¬ 
cuit is very sensitive to frequency and the rectified 
output will increase as the frequency of operation is 
increased. A few watts of rf will provide full-scale 


deflection of the forward meter on the 10-meter 
band, while approximately 60 watts will be required 
for full-scale deflection on the 80-meter band. This 
makes the circuit a natural for today's transceivers 
but makes it impractical for QRP rigs. 

construction 

The construction of the SWR meter makes it ideal 
for the first-time builder. The values of the com¬ 
ponents used are not overly critical, nor can they be 
damaged as easily as solid-state devices. The rf cir¬ 
cuits are sometimes critical, but the SWR meter 
allows quite a bit of leeway in construction. Standard 
hand tools and a drill will get you started and, as the 
case specified in the parts list is made of a soft-grade 
of aluminum, the mechanical portion of the project is 
quite easy. A bit of filing is necessary for the rectan¬ 
gular meter cut-outs, but the remainder of the sheet- 
metal work is accomplished with a drill. I did a bit of 
sanding and painting on the unit pictured, but that's 
not essential. 

The heart of the SWR meter is the coaxial-cable 
sampling assembly, illustrated in fig. 2. This cable 
assembly is formed with RG-58/U coaxial cable, and 
the completed dimensions for the assembly are 
shown in the illustration. Begin construction of the 
assembly with the 24-inch (61-cm) length of coax; 
we will trim it down to size as construction pro¬ 
gresses. Remove the entire outside jacket of the coax 
by cutting it the long way with a hobby knife. With 
the outside jacket removed, expand the diameter of 
the shield (braid) slightly by pushing the braid toward 
the center from each end. This slight expansion of 
the shield will aid in the easy removal of the center 
conductor complete with its insulation. 

Using No. 24 or No. 22 AWG (0.5 or 0.6 mm) solid 
wire, cut two lengths approximately 24 inches (61 
cm) in length to form the sense wires. Two different 
colors should be used to aid in identification. Cut the 
coax braid to a length of 16 inches (41 cm) and insert 
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the two sense lines into the braid, leaving an equal 
amount of wire protruding from each end. Bend the 
excess length of the sense wires over the ends of the 
braid so the sense wires will not fall out. Now, feed 
the coax center conductor back into the braid with 
the sense wires installed. It is easy to manipulate the 
diameter of the braid by compressing it along its 
length, and the center conductor should reinstall 
easily. 



Interior of the swr meter showing component layout. 
The sampling assembly (foreground) was made from 
RG-58/U coaxial cable. 


After the center conductor is in place, stretch the 
braid to its normal length to restore it to its original 
diameter, making it look like a 50-ohm device again. 
This operation should leave an ample amount of the 
center conductor and sense line exposed at each end 
of the braid. The assembly should now begin to 
resemble that of fig. 2. 

With a hobby knife or awl, start a small hole in the 
braid approximately 1 'A inches (40 mm) from the end 
of the braid. To form this opening in the braid, don't 
cut the braid but rather start an opening where the 
braid windings intersect and expand the size of this 
opening by compressing the braid from the end. 
Now manipulate the sense wires within the braid un¬ 
til the ends of the sense wires are visible through the 
hole in the braid. Fish the sense lines out of the braid 
through the hole and leave approximately 4 inches 
(10 cm) of the sense line exposed, as in fig. 2. Fold 
the sense lines back so they are not pulled out of the 
assembly accidentally. 

The hood, a UG-177/U fitting, can now be 
soldered to the coaxial cable braid. Prior to soldering 
the hood, pull the cable center conductor back 


toward the other end of the cable for a distance of 2 
inches (5 cm) or so. In this manner, if the center con¬ 
ductor insulation gets a bit warm during the soldering 
operation the damaged portion can be cut from the 
cable when it is fitted to the UHF connector. When 
you have finished the first end of the cable assembly, 
the sense lines and the hood can be completed simi¬ 
larly for the other end of the coax assembly. When 
the assembly is complete, stretch the braid out again 
to restore the original diameter and check the assem¬ 
bly against fig. 2. If it is reasonably close, you can 
put it aside and start on the case. 

the case 

If you use the case shown in the parts list, or one 
of similar dimensions, you can follow the general lay¬ 
out seen in the photo. The front panel requires two 
rectangular cut-outs be made for the meters and a 
single hole for the calibration control. The rear panel 
requires holes for the UHF connectors, and a single 
hole is needed for mounting the two solder lugs that 
support the diodes, resistors, and capacitors that 
form the metering circuit. After you've checked all 
the case-mounted components to make sure they’ll 
fit, the case may be sanded lightly with 320 paper 
and a couple of coats of spray lacquer applied. While 
the case is drying we can do a little modification on 
the two meters. 

the meters 

The meter assemblies are held together with 
transparent tape and can be disassembled easily. The 
meter scales are held in place by two tabs that are 
parts of the meter face. These two tabs may be 
straightened out and the meter faces removed for 
modification. Gently flatten the meter face out and. 



fig. 2. Coaxial assembly with sense wires. 


using a typewriter eraser, remove all the printed 
words from the meter faces, leaving only the scales, 
which consist of 20 divisions. 

Using rub-on lettering, modify the meter faces as 
in fig. 3. The lettering kit used for this purpose was 
Letraset K19/5, which is a meter lettering set con¬ 
taining both red and black materials. All the lettering 
on the SWR meter was done in black with the excep¬ 
tion of the horizontal line on the reflected meter that 
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extends from the center of the meter scale to the 
right edge, or full scale position. This was done in red 
to remind me to keep things in the system under 3:1. 
When the meter scales are complete, a light coating 
of clear spray will lend a professional finish to them. 
After they have dried, the scales can be reinstalled on 
the meters and the assemblies held in place with 
transparent tape. 

The front and rear panels can now be lettered with 
rub-ons, and, if desired, the racing stripes may be 
added by using Prestape, available at art supply 
stores. A coating of clear spray will protect the letter¬ 
ing and level out the finish on the case. I mounted 
the meters to the case with a dab of epoxy at each of 
the two mounting ears, to avoid more holes on the 
front panel. After components have been mounted 
to the case, the wiring should be completed as in the 
schematic diagram. The photo of the interior of the 
unit will assist you with wire routing and general lay¬ 
out. The center conductor of the coax is trimmed to 
size and wired to the UHF connectors; the hoods are 
put in place using the UHF connector mounting hard¬ 
ware. 

As shown in the diagram, the common, or ground 



portion, of the circuit is connected to the shield of 
the coaxial cable assembly at the approximate center 
of the assembly. In turn, the cable assembly is con¬ 
nected to case-ground via the hood assemblies at the 
UHF connectors. These are the only connections to 
the case of the SWR meter. When the wiring has 
been completed, the case can be closed, the calibra¬ 
tion knob installed, and the unit is ready for testing. 

testing and use 

To test the SWR meter, connect your transmitter 
output to J1 using 50-ohm coaxial cable. The anten¬ 
na feedline is connected to J2. Key the transmitter 
and adjust the calibration control for a full-scale read¬ 
ing on the forward meter. Note the SWR reading on 
the reflected meter at this time. Next, transpose the 
input and output leads on the SWR meter. Now the 


transmitter will be feeding the output jack J2, and 
the antenna system will be connected to J1. If the 
sense lines and their associated circuits are working 
well, the readings on the two meters will be trans¬ 
posed. The reading noted on the reflected meter will 
now be displayed on the forward meter. If this condi¬ 
tion approximates your results, both the sampling 
circuits have the same sensitivity and the input and 
out cables can be returned to their normal positions. 
The SWR meter is now ready to go to work on your 
antenna systems, checking operation of the system 
and assisting you in tuning the system to your favor¬ 
ite spot on the band. 



I made the graph in fig. 4 for checking the opera¬ 
tion of my 80-meter dipole antenna. Initially, the low¬ 
est SWR reading was found at the lower limit of the 
band and the SWR increased with frequency. This 
indicated that the dipole elements were a bit too long 
and a little pruning eventually led to the second read¬ 
ing indicated by the solid line in fig. 4. Now the reso¬ 
nant point is at 3.7 MHz and the SWR is well within 
reason on both the CW and phone segments of the 
band. Remember, if resonance is at the high end of 
the band the antenna elements are short; resonance 
at the low end means elements are long. In this man¬ 
ner, you can really get a good idea of what your sys¬ 
tem is doing and get things tuned for the highest effi¬ 
ciency. In tuning a multiband antenna system, such 
as a trap dipole, start with the highest frequency 
band and work your way down in frequency. Once 
you are satisfied that the antenna system is working 
well, the SWR meter can be left in the line if desired 
to provide a constant indication of transmitter output 
and antenna resonance. 

In conclusion I would say that the SWR meter is a 
good project for the newcomer or the old-timer get¬ 
ting back into the swing of home brew, and, while I 
would not call it a lab instrument or anything even 
close, it is a handy device for keeping your antenna 
system humming. 

ham radio 
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locating 

geostationary satellites 


Calculator program 
for solving 
basic equations 



By using an inexpensive calculator, such as the 
Texas Instruments TI58 (or TI59), the look angle (rel¬ 
ative to true north) and elevation angle may be deter¬ 
mined easily from any point on the globe to any geo¬ 
stationary (fixed) satellite. The only requirements are 
that the latitude and longitude of the earth station 
must ba known, and the longitude of the satellite 
must be known. (They are listed later in this article.) 

The program takes eight minutes to load and 
Check; fifteen seconds to run. The results, relative to 
true north, may be used directly or put in terms of 
magnetic north through correlation with the declina¬ 
tion angle, as shown on topographical maps. 


basic equations 

The calculator program uses the following basic 
equations: 

Az° = 180 +tan-1 (jgfj (D 

where Az° is the look angle of the earth station 
relative to true north (azimuth) 

9 is the relative longitude between the 
earth station and the satellite (earth- 
station longitude-satellite longitude) 
a is the earth-station latitude 

El° = 90 - T - R (2) 

where El° is the elevation angle looking at the 
satellite, and 

R = cos ~ 1 (cos 6 cos a) 

T = tan ~‘ ( 6.6f66-cosR ) 

running the program 

After the program has been entered into the 
calculator, data may be entered and the equations 
solved: 

Earth-station latitude (in degrees, minutes, seconds): 

STO 00. 

Earth-station longitude (in degrees, minutes, 
seconds): STO 01. 


By Walter E. Pfiester, Jr., W2TQK, 1 Skadden 
Terrace, Tully, New York 13159 
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program 



Spacecraft longitude (in decimal form): STO 02. 
Then, reset the program: RST R/S calculates anten¬ 
na azimuth relative to true north. Pushing the R/S 
button a second time results in the antenna eleva¬ 
tion. 

example 

42.48 04 STO 00 

76.06 37 STO 01 

135.0 STO 02 (location of RCA SAT- 

COM 1) 

RST R/S 247.704° azimuth: R/S 13.839° 
elevation 

Should the answer for elevation angles be negative, 
the satellite is below the horizon and is not in a posi¬ 
tion to be viewed by the earth station. 


additional program notes 

For locations south of the equator, change the 
following program steps: 21,22, 23 from 180 to 360. 

register notes: 

register use 

00 earth-station latitude 

01 earth-station longitude 

02 spacecraft longitude 

03 azimuth 

04 elevation 

05 del longitude (used later) 

06 earth-station latitude, later reused, scratch-pad 

memory 

For satellites located at east longitude, enter as a 
negative number (-) in register 02. No other pro¬ 
gram changes need be made. 
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Barry is Now a Full 
Line Distributor of 
Satellite TV 
Receivers, LNA’s, 
Antennas and 
Accessories. Call or 
write Kitty today 
for Vour Quote. 


DENTRON Clipperton L and VHF, GLA-1000B, AT2K 
KLM TVRO Receivers & Accessories 
October — Yaesu FT 902DM — Best Prices 
and accessories for all major lines. 

BARRY’S HAS HAND-HELDS 
TEMPO S-4 70 cm 

Yaesu 208R Santee HT-1200 Tempo S-4T & S-5 


1 


VOCOM ANTENNAS AND AMPLIFIERS 

FOR YOUR HANDHELD. 
ICOM IC 290, IC 251 A, & 25A • BIRD WATTMETERS 
MIRAGE 2M amplifiers • MURCH UT 2000B 
Good Deal on ROBOT 400 SSTV 


It’s Barry's forthe Drake TR/DR-7, R-7, L75 
and Teletype 

CW Ops — we’ve got NYE keys, Vibroplex, Bencher 
paddles and electronic keyers, AEA Morse-A-Matic 
MT-1, KT-1, MN-1; ICOM 1C-720A, IC-730. and IC-22U. 
Slinky Dipoles, HyGain Antennas, 2 m beams & mobile, 
18AVT/WB, KLM, Cushcraft and Ham IV Rotators, 
STACO variable transformers 



The outstanding Yaesu FT- 
707, FT-902DM, FT-107M 
or the FT-101ZD MK II 


RPT Repeaters in stock. Completely interchargeable with 
VHF Engineering models. 144-174 MHs 25W, 210-240 
MHz 15W, and 430-480 MHz 10W. Call or write. 


FT 720RVH, 25 watts, 2 meter transceiver FT-720RU, 
UHF transceiver. FT 480, 2 meter, all mode, 30 watts. FT- 
780R, all mode 430-440 MHz, full line of accessories. 


Kantronics Field Day and Mini-Reader 
Cubic Portable Radio Station — Astro Diplomat 150. 
Make your own DXpedition — in a suitcase. CALL. 

• Complete selection of radio books including 1981 
Handbook and Repeater Directory 
Our lines include: 


CUSHCRAFT KANTRONICS 


COMMUNICATIONS 


BOATERS: Satellite Navigation Equipment. 

Call for info on “SATNAV.” 
BUSINESSMEN: Ask about BARRY’S line of 
business-band equipment. We’ve got it! 
Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm, Saturday 10 am-noon 

; aoui se , 

I F-iPAito The Export Experts Invite Overseas orders 

1 ' - We ship Worldwide 

BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, N.Y. 10012-4493 

TELEPHONE ( 212 ) 925-7000 

TELEX 12-7670 


locations of nonmilitary 
geostationary satellites 

location 
(degrees east 

satellite longitude) 


GOES 2 
OTS 

RADUGA3 
RADUGA4 
SYMPH0NIE2 
INTELSAT IV F5 
INTELSAT IVA F3 
INTELSAT III F3 
MARISAT 
PALAPA2 
RADUGA2 
RADUGA1 
INDOSAT 
PALAPA2 
M0LNIYA IS 
EKRAN 1 
EKRAN 2 
KIKU2 
HIMAWARI 
INTELSAT IV F8 
INTELSAT IV F4 
MARISAT 1 
METEOSAT 
INTELSAT IV F7 
INTELSAT IV F7 
SYMPHONIEI 
STATI0NAIR4 
MARISAT II 
SIRIO 

INTELSAT IV FI 
INTELSAT IV F3 
INTELSAT IVA FI 
INTELSAT IVA F4 
ATS 5 
SMS 2 
GOES 2 
WESTAR V 
WESTAR III 
COMSTAR D2 
WESTAR I 
ANIK III 
SMS 1 
ATS 3 
ANIK II 


0-35 

10 

35 

35 

49 

57 

60.2 

65.3 

73 

77 

80 

80 

80 

83 

90 


135 

140 

174 

179 

176.5 

0 


11.5 

14 

15 
15 
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a "free" rtty 
tuning indicator 

A free lunch may be hard to come 
by, but here's a trick for getting a 
simple tuning indicator on a radiotele¬ 
type demodulator without any in¬ 
crease in the parts count. 

As shown in fig. 1, in my RTTY ter¬ 
minal unit I use a conventional active 
filter tuned midway between the 
mark and space frequencies, and a 
diode clipper to limit the signal. The 
unconventional part is the use of 
LEDs instead of ordinary diodes for 
the clipper. One of the LEDs is 
mounted on the front panel of the ter¬ 


minal unit where it can be seen as the 
receiver is tuned. 

As the receiver is adjusted to pro¬ 
duce the desired 2125- and 2295-Hz 
tones from an FSK signal, the LED will 
start to flicker as the correct adjust¬ 
ment is approached. When the two 
tones straddle the peak frequency of 
the filter the LED will appear to be 
steadily lit. Any drift in the receiver or 
transmitter will be revealed by the re¬ 
appearance of flickering. The human 
eye is quite sensitive to the flicker 
that results from normal Amateur 
baud rates, and this is a surprisingly 
effective aid to tuning. Of course, se¬ 
lective fading will also cause the LED 
to flicker, but one can quickly learn to 



fig. 1. Diagram for rtty tuning indicator. 


use both eyes and ears to interpret 
what is happening. 

By using LEDs to limit the RTTY sig¬ 
nal after it passes through a 2210-Hz 
bandpass filter, the limiting action is 
made visible, and proper tuning is in¬ 
dicated by minimum flicker. Proper 
action depends on a relatively broad 
filter response, so component values 
are not critical. Those shown were 
what were available and close to cal¬ 
culated values. The first section of 
the filter shown here is a 2000-Hz 
highpass filter to increase the rejec¬ 
tion of lower audio frequencies; the 
idea described here will work without 
this section, but the system will be 
more vulnerable to interference. 

A.S. Woodhull, N1AW 


light-bulb dummy loads 

Light-bulb dummy loads have been 
used for transmitter testing since the 
beginning of Amateur Radio. Light 
bulbs can harmlessly dissipate lots of 
rf power, and they give a visual indi¬ 
cation of approximate power output. 

But, as dummy loads, they have 
two major shortcomings: they are in¬ 
ductive, and their resistance depends 
on the power level. When checked 
with an ohmmeter, the cold resis¬ 
tance will usually measure less than 
1/10 the full-brilliance resistance. The 
inductance of a typical 100-watt, 120- 




volt bulb is in the vicinity of 1/2 
microhenry. At any given frequency 
this inductance can be tuned out by 
series resonating it with a capacitor of 
equal reactance. 

Fig. 2 shows an experimental 200- 



fig. 2. The 1200-pF variable is a three-gang, 
400 pF-per-section unit with the stators 
connected in parallel. 

watt, 200-ohm balanced dummy load 
used to test a 4:1 flyback balun. By 
adjusting the series capacitor and 
power level it was possible to obtain a 
1:1 SWR on any band, 80 through 10 
meters. Theoretically, the bulb resis¬ 
tance should be 288 ohms at full bril¬ 
liance, which would be an SWR of 
1.44 on 50-ohm coax when measured 
through a 4:1 balun. This, in fact, is 
what it measured. An SWR of 1.0 was 
observed at about the 100-watt level, 
and remained below 1.4 from 50-200 
watts. 



fig. 3. The 1200-pF variable is the same as 
in fig. 1. The switch is a three-position 
rotary type. 


Fig. 3 shows a 50-ohm version of 
this load, usable from 50-200 watts 
on all bands, with an SWR below 1.4. 

Series and parallel combinations of 
light bulbs of suitable wattage ratings 
can be combined to construct a 
dummy load of any power capacity 
with the low SWR so long as the in¬ 
ductive reactance is tuned out with a 
series capacitor. 

Fredrick W. Brown, Jr., W6HPH 


dipole antenna length 
reference chart 

Here's a handy reference chart if 
you're thinking about putting up a di¬ 
pole for one of the new or old ham 
bands. Using the formula L (feet) = 
468/f (MHz), the length will be cor¬ 
rect for practical purposes, and you 
can prune the antenna later if nec¬ 
essary. length 

frequency ft. in. 

(kHz) (ft. x 0.306 = meters) 

1,800 260 0 

1,820 257 1 

1,860 252 11 

1,875 249 6 

1.900 246 4 

2,000 234 0 

3,500 133 8 

3,600 130 0 

3,700 126 6 

3,800 123 0 

3.900 120 0 

4,000 117 0 

7,000 66 10 

7,050 66 5 

7,100 66 0 

7,150 65 6 

7,200 65 0 

7,250 64 7 

7,300 64 1 

10,000 46 10 

10.100 46 1 

10.200 45 11 

10.300 45 5 

10.400 45 0 

10.500 44 7 

14,000 33 5 

14.100 33 2 

14.200 32 11 

14.300 32 8 

21.000 22 4 

21.100 22 1 

21.200 22 0 

21.300 21 11 

21.400 21 10 

24.500 19 1 

24.600 19 0 

24.700 18 11 

24.800 18 10 

24.900 18 9 

26,000 18 8 

28,000 16 8 

28.100 16 7 

28,200 16 6% 

28.300 16 6 

28.400 16 514 

28.500 16 5 

28.600 16 4 

28.700 16 3)4 

28.800 16 3 

28.900 16 2)4 

29,000 16 2 

29.100 16 1 


Many of the new transceivers now 
have all of the new band crystals in¬ 
stalled. You might as well be listening 
to shortwave broadcasts with a di¬ 
pole antenna and using the positions 
until the bands open! 

Ed Marriner. W6XM 

data retrieval program 
using the APPLE II 
computer 

One day I was talking to KN5KSQ 
on 40 meters and he mentioned that 
we had worked each other once be¬ 
fore. I scanned my log quickly but 
couldn't find KN5KSQ. Then the 
band went out before I could get 
more specific information. 

Haunted by the fact that we had 
worked before, I started searching 
through my logs and lo and behold! 
There it was: one of my first con¬ 
tacts. 

I pondered the situation and stared 
at my station, which included an 
APPLE II computer-with a tape record¬ 
er. I decided I needed a data-retrieval 
program that's short (for maximum 
RAM storage), provides fast search of 
two or three fields, prints all items on 
the monitor in an easy-to-read for¬ 
mat, and provides easy data entry. I 
found such a program and revised it 
to run on disk or tape. I now have a 
disk drive and use the APPLE ll for 
log-data retrieval as well as send/re- 
ceive SSTV, CW, RTTY, and ASCII - 
all done with software provided by 
C.H.Galfo, WB4JMD. 

I have over 650 log entries, and it 
takes about 28 seconds to search all 
of them. The program is set up to 
hold 1000 entries or less, depending 
on RAM size, and the program can be 
easily modified to suit your needs. I'll 
be glad to supply a copy of the pro¬ 
gram. Send a self-addressed stamped 
envelope with 28C postage to 
WB6YHS, 1220 Vienna Drive, No. 
715, Sunnyvale, California 94086. 

It's nice to have the capability of 
quickly finding data on former radio 
contacts. Another use of the APPLE 
III 

Charles M. George, WB6YHS 
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ETS Morse-code 
training package 

Many methods have been offered 
for learning Morse code, some good 
and some not so good. This is a good 
one. We at ham radio have had an 
opportunity to study the Morse-code 
training package by Educational 
Technology and Services, Incorpo¬ 
rated (ETS). This training package is 
not just an ordinary collection of code 
tapes that progress from low to high 
speed. The training method is based 
on scientific principles — a Percep¬ 
tual Learning Model developed at the 
University of Minnesota and from re¬ 
search conducted at Southern Illinois 
University and at the Research and 
Development facility of ETS. 

It has been found that, when using 
conventional Morse-code teaching 
methods, students progress to a 
speed of 10-13 WPM, at which point 
they reach a plateau. From then on, 
learning to copy code at higher 
speeds becomes more difficult. This 
plateau results from the shift from 
one method of copying, in which the 
student must analyze the code char¬ 
acter, to another method in which the 
student begins to perceive the code 
character. ETS studies have resulted 
in the identification of the variables 
that contribute to the plateaus experi¬ 
enced in the Morse-code learning 
process and have developed a con¬ 
cept that eliminates the problems 
associated with traditional Morse- 
code training programs. 

With the ETS package, the entire 
alphabet can be learned in 25 trials. 
The letters are presented at, and 
spaced at, 18 WPM. Now this may 
scare you off — whoever heard of 
starting to learn Morse at 18 WPM? 


That's where the ETS perceptual 
learning concept comes in. You learn 
to recognize, and translate to paper, 
letters and words not at, say, 5 WPM 
with gradually increasing speed, but 
at 18 WPM from the very beginning. 
Trial number one starts you off with 
two letters randomly presented. Each 
successive trial adds a single letter 
until the entire alphabet is learned. 
When the last trial is mastered, the 
entire alphabet can be copied at 18 
WPM. The method allows you to 
master the code in 40 percent less 
time than conventional Morse-code 
instruction techniques. 

The ETS Morse-code training pack¬ 
age consists of four phases: 

1. Twenty-six letters of the alphabet 

2. Numbers 

3. Punctuation and special characters 

4. Plain text practice 

The ETS Morse-code training pack¬ 
age, consisting of five cassettes (6% 
hours total practice) is available at 
Ham Radio's Bookstore for $18.95. 
— ham radio staff. 

MFJ CW/SSB/notch filter 

All modern receivers have more 
than adequate filtering capabilities. 
However, despite all the fancy filters 
available, there are still those of us 
who need more help. MFJ, long 
known as the supplier of add-on ac¬ 
cessories, has designed an excellent 
outboard audio filter: the MFJ 722 
Signal Optimizer. Using the latest 
chip technology, the Signal Optimizer 
design includes a tunable notch filter 
and selectable high-pass/low-pass fil¬ 
ter on SSB, and a bandpass filter 
on CW. 

Hookup and installation of the 722 
is simple and straightforward. The re¬ 
ceiver audio is routed through the fil¬ 
ter and back to the speaker. A 1/4- 
inch (6.4-mm) jack is included in the 
filter so you can use headphones 
should you prefer. The only other 
connection is to provide 12 volts dc to 
the filter. Signal Optimizer design 
allows ease of use under any oper¬ 
ating situation. 


As with every new piece of equip¬ 
ment, there is a learning curve asso¬ 
ciated with using the filter. The 70-dB 
notch filter is a bit tricky to use at 
first. But MFJ's operating manual 
clearly explains the tricks of using the 
notch, and that complete explanation 
eliminates any problem you might 
have. 

When filtering in the SSB mode, 
the 722 attenuates all the high and 
low frequencies. In the high-pass 
position, all signals below 375 kHz are 
efficiently eliminated. When switched 
to 2.5, 2 and 1.5 kHz a low-pass filter 
is engaged in progressively narrower 
units to achieve desired filtering. 

On CW, the Model 722 uses an ac¬ 
tive 1C bandpass filter of progressive¬ 
ly narrower windows. One problem 
that has occurred before with some 
outboard filters is that the narrower 
the filter becomes, the more it tends 
to ring or give you the impression you 
are listening through a pipe. The MFJ 
722 has no ring. 

During many hours of use, both in 
casual rag chevying and DXing, the 
Model 722 filter has been quite a nice 
addition to the shack. A real test 
comes each summer with 160-meter 
QRM. 

The MFJ Signal Optimizer meas¬ 
ures 5x2x6 inches (13 x 5 x 15 
cm) and sells for $69.95 plus ship¬ 
ping. A 12-volt dc power supply is 
also available for $7.95 plus shipping. 
For more information write MFJ En¬ 
terprises, Box 494, Mississippi State, 
Mississippi 39762. 

wire cut and strip tool 

A new concept for easy and clean 
stripping of wires for wire-wrapping, 
electronic, and appliance applica¬ 
tions, the ST-100 strips without nick¬ 
ing and automatically generates the 
proper strip length. Biomechanically 
designed for maximum efficiency, its 
slim design makes it ideal for storage 
in pocket, belt holder, or tool kit. 

Simply place wires (up to four) in 
stripping slot with ends extended be¬ 
yond cutter blades, press tool and 
pull. Wire is cut and stripped to prop- 
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□ For Home TV. Ham Radio and CB. 

□ Up to 18 sq. ft. antenna capacity. 

□ Available to 64' in 8’ sections. 

□ All riveted construction — 
no welds. 

□ Beaded channel leg for added 
strength. 

□ All steel — galvanized for added 
life. 

□ Can be used with Conanete Base 
Stubs, Cylinder Base or Hinged 
Concrete Base. 



I THE PROFESSIONAL. 

TOUCH TONE 

ENCODER 


application, 
function makes the difference. There’s a 
Plpo encoder for every system and 
application. Totally serviceable, easy to 
operate and Instalf. Call or write for free 
catalog and Information! (213) 852-1515 
jr P.O. Box 3435, Hollywood, CA 90028. 


S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


TUBESTERS™ 

• S-line performance—solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two lubes, 
and are guaranteed torso long as you own 
your S line. 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage. CA 95481 (707) 462-6882 


ALL BAND TRAP ANTENNAS! 




products 


er wire-wrapping length. Hardened 
steel cutting blades and sturdy con¬ 
struction ensure long life. The strip¬ 
ping blade is easily replaceable. It is 
handy tool for production field work. 
Available for wire sizes from 20 to 30 
AWG (0.8 to 0.25 mm). For further in¬ 
formation contact O.K. Machine and 
Tool Corporation, 3455 Conner 
Street, Bronx, New York 10475. 

inexpensive bridge 
rectifiers 

Four new low-cost, single-phase, 
rectifier bridge assemblies — the 
MDA2550/1 and the MDA3550/1 - 
have been introduced by Motorola. 
These economy 25- and 35-amp 
bridges use prime button rectifiers 
from Motorola's high-volume, low- 
cost automotive alternator rectifier 
line. 

The new devices are offered in the 
most popular 50- and 100-volt rat¬ 
ings. These bridges have 400-amp 
surge capability and an electrically 
isolated base up to 1800 volts. Imme¬ 
diate availability is from OEM and 
authorized Motorola distributor 
stocks (or contact Motorola Semi¬ 
conductor Products, Inc., P.O. Box 
20912, Phoenix, Arizona 85036). 

Mini-Reader 

Only a few years ago, to receive in 
the RTTY mode, you had to spend 
hours putting together a demodula¬ 
tor, learning how to operate a Model 
15 or 19 machine, reloading paper, 
and on and on. Seemed like you felt 
more like an auto mechanic than a 
Radio Amateur. Big and bulky was 
the name of the game. 

Things have changed. The great 
strides of the electronics industry to 
miniaturize components have result¬ 
ed in smaller and smaller products. A 
good example is the Kantronics Field 
Day Code and RTTY Reader. The 
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Field Day Reader is large — about the 
size of an fm transceiver. Kantronics 
engineers then miniaturized the Field 
Day to hand size and renamed it the 
Mini-Reader. The Mini-Reader can do 
everything that its larger brother, the 
Field Day; can but in a much smaller 
package, measuring only 5.75 x 3.62 
x 1.25 inches (14.6 x 9.2 x 3.2 
cm). The Mini-Reader fits easily into 
your pocket and comes at the attrac¬ 
tive price of $314.95. 

Mini-Reader features 

The Mini-Reader copies Morse 
from 3-80 WPM; RTTY with any shift 
at 60, 67, 75, and 100 WPM Baudot; 
and 110 and 300 WPM ASCII. 

To assist in logging, the Mini- 
Reader can function as a 24-hour 
clock. And if that isn't enough, the 
Mini-Reader can also be programmed 
to function as an audio-frequency 
counter. For tuning ease, the Mini- 
Reader has a tuning LED that indi¬ 
cates exactly when a station is prop¬ 
erly tuned in. Also, the Mini-Reader 
has a built-in 250-Hz bandwidth filter 
to reduce interference. The earlier 
Field-Day Reader used digital circuit¬ 
ry, which required a fairly large pack¬ 
age. To accomplish miniaturization, 
Kantronics has designed the Mini- 
Reader around a programmed micro¬ 
processor. 

interfacing with 
your receiver 

Hookup of the Mini-Reader is care¬ 
fully explained in the owner's manual 
and takes only a few minutes. While 
connecting the Mini-Reader to a re¬ 
ceiver in preparation for this review, 
we inadvertently put plus to minus 
and minus to plus. With some equip¬ 
ment this would mean sure disaster 
or irrevocable damage. But the Mini- 
Reader, thanks to careful design, 
took our abuse in stride and worked 
perfectly when we realized our 
mistake and corrected the power 
leads. 

The real test came when audio 
from the receiver was applied. Tuning 
across the top of 20 meters, we found 
a nice strong RTTY signal that was 



QRZ Wl’s, W2’« and W3’a... 

LOOKING FOR AEA PRODUCTS 
IN THE NORTHEAST? 

LOOK TO RADIOS UNLIMITED... 
NEW JERSEY’S FASTEST GROWING 
HAM STORE! 


Get your hands on AEA's great keyers hugi 
and Isopole antennas at Radios Unlimited, you 
You can reach us easily via the Jersey 
Turnpike, and when you get here you c 


ck of ham gear), ai 

, _We don't mean a I___ 

diddling with Ihe keyer.we let you PUT 


ON THE AIR AND HAVEa' osa..i 
check it out under YOUR kind ol oper 


keyer, (or any other equipment from ol 



I MM-1 MorseMalic™ memory keyer with 
two micorcomputers and 3 7 fantastic lea. 
lures including up to 2000 characters ol 
memory plus virtually every capability of all 
the other keyers* trainers listed below 

call lor super low price! 


CK-1 Contest Keyer with 500 character 
memory, soft message partitioning, auto¬ 
matic serial number, and much, much more. 

call lor super-low price! 
MK-1 Morse Keyer with selectable dot & 
dash memory lull weighting, calibrated 

speed, bug mode and more. 

call lor super-low price 1 
KT-1 Keyer Trainer with all Ihe tealures ol 

the MK-1 aboveand Ihe MT-1 below. 

call lor super-low price 1 
MT-1 MorseTrainer lor pulling up Idat cede 

call lor super-low price' 


THE EXCITING ISOPOLES THAT ARE 
loV* BOOMING OUT THOSE INCREDIBLE 
VHF SIGNALS WITH MAXIMUM GAIN 
I ATTAINABLE, ZERO 


r DEGREE RADIATION 
ANGLE AND 1.4:1 
SWR ACROSS THE 1 
ENTIRE BAND! — 

Find them all at Radios Unlimited. | 
major manufacturers...a big selection o 
, need in books, accessories, operating a 
modern service department dedicated ti 
i Ilea market! For directions, call 
I (201)469-4599. 
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price! 
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ids, coax, connectors and parts plus a 
) keeping you on Ihe air, It's like a perpetual 
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Orders Only — 24 hrs. 7 days , . — , ==■ (312)564-0919 

(800)621-0660 outside Illinois QS) UggU 1936 Raymond Drive 
(800) 572-0444 in Illinois - - Northbrook, IL 60062 





character buffer « Internal speaker and side- 
tone • Reed relay output eliminates keying 
problems < All solid state circuits and sockets 
for reliability * Speed range 5—45 WPM * Perfect 
companion to our MORSE-A-WORD CW code 


MORSE-A-KEYER KIT, model MAK-K, Complete kit 
MORSE-A-KEYER, model MAK-F, Factory wired & t< 
MORSE-A-^EYER ESSENTIAL PARTS KIT, model 
(Essential parts kit for home-brewers consists of 
You supply ASCII keyboard, cabinet, power 






> r p o r a t i o n Telephone: (4141 241-8144 

it Office Box 513HR, Thiensville, Wisconsin 53092 



relatively free from interference. 
Plugging in the audio jack brought 
garbled words across the bright green 
ten digit screen. A small turn of the 
VFO lit the tuning LED to a bright red 
and. Hey! This really works — 100 
percent perfect copy. We spent at 
least two hours tuning across the 
ham bands listening to RTTY trans¬ 
missions that first night. We also 
tuned across commercial circuits and 
had a lot of fun listening to UPI, AP 
and ships at sea. 

receiving manual CW 

Enough about RTTY. Now it's time 
to try the Mini-Reader on CW. As the 
instruction manual states, decoding 
CW is not an easy task. This is be¬ 
cause of the different techniques and 
styles of sending Morse code. If 
everyone's spacing and character 
weight were the same, code readers 
wouldn't have any problems. 

Despite a bit of skepticism on our 
part, the Mini-Reader copied every 
signal we listened to except a ham 
who was using a bug and seemed to 
delight in his Lake Erie swing. 

The Mini-Reader had a field day 
with the speed merchants on the low 
end of the 40-meter band. The only 
time the Mini-Reader failed to decode 
signals was in the presence of loud 
static crashes and QRM. 

specifications 

Morse speed tracking: 3-80 WPM 
Filtering: active 250-Hz band- 
widths; 750-Hz center frequency 
Display: 10 alphanumeric, 14-seg¬ 
ment units 

Modes: Morse; Morse with speed 
display. Morse practice RTTY at 
60, 67, 75, 100 WPM, ASCII at 110 
and 300 WPM. Clock test and 
audio-frequency counter. 
Audio-frequency counter: 0-79 
kHz +0.01 percent 
Power: 8-18 Vdc at 240 mA. 

The Mini-Reader is a fascinating 
addition to any Amateur station. For 
more information contact Kantronics, 
1202 E. 23 Street, Lawrence, Kansas 
66044. — ham radio staff. 
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Observation 
& Opinion 


Now is your chance to make a real contribution to Amateur Radio. The FCC has authorized the 
operation of an experimental beacon on the new WARC bands of 10.100-10.150, 18.068-18.168 and 
24.890-24.990 MHz. As you read this, the beacon will have been in operation about a month, and 
quantitative information is needed regarding the reception of signals. 

The experiment is intended to permit Amateurs to become familiar with the characteristics of these 
bands, which will help to simplify the scheduled future change-over to full Amateur use. The experi¬ 
ment will improve Amateur use of these new parts of the spectrum and will provide data on sharing 
between different services. An important element is obtaining data on propagation under weak-sig¬ 
nal conditions, typical of natural disaster situations. It should be remembered that this use is one of 
the major reasons for these new authorizations, the first in many years. 

The experiments will include two types of emission, three operating modes and two time phases. 
Basic emission is unmodulated carrier (A0), which will be interrupted each ten minutes for an SSB 
(2.8A3J) identification and announcement. The voice announcement will occur at 2, 12, 22 . . . min¬ 
utes past the hour. The announcement will be of the form, "This is FCC-authorized experimental sta¬ 
tion KK2XJM, Daytona Beach, Florida. QSL via W4MB. Next operation will be repeated on 

_MHz starting on_," and will be repeated. The announcement will be 

made by a woman, as the timbre of the female voice makes speech easier to recognize under unfa¬ 
vorable conditions. 

Initial operations will commence about the first of October, using 3 watts ERP on the 10-MHz 
band. Depending on results, the operating schedule will include the 18- and 24-MHz bands. Later 
phases will include operation at 30 watts ERP, with sequencing from band to band, sometimes week¬ 
ly and sometimes daily, as needed to make optimum use of the bands for propagation experiments 
both worldwide and to specific areas. 

The licensee for the experiment is Bob Haviland, W4MB. Bob is well qualified for this important 
task. He has been an Amateur for 50 years and has participated in numerous CCIR and ITU confer¬ 
ences and preparatory work. He was chairman of the 28-1215-MHz allocation subcommittee of the 
FCC's WARC Advisory Committee for Amateur Radio, project engineer of the program that placed 
the first radio transmitter beyond the ionosphere, and has worked extensively on communications 
and broadcast satellites. Bob published the first known proposal for an Amateur Radio experiment 
on a satellite. Additionally, he has been on a number of DXpeditions, having operated from four con¬ 
tinents. And, not incidentally. Bob has been a prolific contributor to ham radio, having published 
some nine articles over the years. 

The success of the experiment will depend on participation by Amateurs and shortwave listeners, 
and on their reports. Information needed is the date, time and location of reception, strength of the 
beacon signal and other signals on the band, and the type of receiving installation including, of 
course, the antenna. All reports will be acknowledged by a QSL card. 

In addition to reception reports, proposals for special tests will be welcomed, subject to the limita¬ 
tions imposed by the license and by regulations for experimental stations. KK2XJM is not authorized 
to communicate with Amateur stations; however, reports, requests for schedules and proposals for 
experiments may be sent to W4MB's Callbook address. 

This venture is a fine opportunity for everyone to contribute to the advancement of Amateur 
Radio. A QSL card from W4MB acknowledging participation in the experiment certainly should be¬ 
come a valuable reminder of an important phase of Amateur-Radio development. 

Alf Wilson, W6NIF 
editor 
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comments 


work the Pacific 


system may well be adapted to any 
number of other uses related to and 
stemming from the article. I will be 
happy to supply the complete circuit¬ 
ry (with full credit to Jerry Assard for 
his original and fine thinking) to any 
ham interested in applying this useful 
tool. Please send a self-addressed, 
stamped envelope to P.O. Box 6175. 

Gene Shapiro, W0DLQ 
Leawood, Kansas66206 


Dear HR: 

I would like to inform your readers 
of the basic Work The Pacific award, 
which is issued for thirty confirmed 
contacts on the WTP country list. It's 
available to any licensed Amateur 
Radio operator and to SWLs. 

Mode, band, power level, and 
other endorsements will be made 
upon request with the original appli¬ 
cation only. The award is printed in 
four colors on a beautiful parchtone 
bond. 

For more information, please con¬ 
tact me at the address below. 

Award Manager, C.H.C. 
Scott R. Douglas, Jr., KB7SB 
P.O. Box 46032 
Los Angeles, California 90046 

zero beat 

Dear HR: 

The July, 1981, issue of ham radio 
arrived today. Naturally, the point of 
first reading was the "Observation 
and Opinion" page relative to trans¬ 
ceivers and zero beating. Oddly, the 
timing was in itself a true zero beat 
for a project completed several weeks 
ago on a unique (and modified) cir¬ 
cuit by Jerry Assard, KA1EVW, which 
appeared in the March, 1979, issue of 
Electronic Design News, entitled 
"Lamps Monitor Beat Frequency." 

I built the device with modifications 
stemming directly from my totally 
home-brewed rig, which demanded 
some strange and totally unique ap¬ 
proaches both to transceive and shift- 
band transmissions that many of the 
rare DXers employ. 

The basic capability of the Assard 


more free inductors 

Dear HR: 

In my recent CW filter articles 
(QSf, December, 1980, and ham 
radio, April, 1981), I stated that I was 
serving as liaison between the Chesa¬ 
peake and Potomac Telephone Com¬ 
pany of Maryland and the Amateur 
fraternity, assisting in the distribution 
of surplus telephone line 88-mH load¬ 
ing coils. These inductors are being 
given to Radio Amateurs free (except 
for my shipping expenses) as a public 
service by the C & P Telephone Com¬ 
pany. 

I've processed more than fifty re¬ 
quests for inductors so far, but now 
the initial response to these two arti¬ 
cles is quieting down. I would appre¬ 
ciate it if you would mention in your 
magazine that I still have inductors 
(88-mH inductors in a five-inductor 
stack form). They are available to 
anyone interested in applying them to 
Amateur Radio filtering applications. 
Write to me at my Callbook address 
explaining your need and proposed 
application. A stamped, self-address¬ 
ed envelope must be included for my 
reply with further instructions. 

Ed Wetherhold, W3NQN 
Annapolis, Maryland 

antenna restrictions 

Dear HR: 

Most people worry only about the 
zoning ordinances and building per¬ 
mits that may be needed for the in¬ 
stallation of ham antenna systems. 
But it's necessary to check your deed 


and the title to your land to see 
whether there are any protective cov¬ 
enants that prohibit the placing of 
any tower, pole, or similar structure 
on your own property. These restric¬ 
tions will also appear in the title 
search of your property when you 
buy a home. 

You may not be aware that you 
waived your rights (or you may not 
have been aware of your rights) when 
you made settlement on your house 
and land, legally binding yourself to 
these protective covenants. These 
covenants were originally designed to 
protect all the homeowners in your 
housing development for esthetic 
reasons, to enhance the neighbor¬ 
hood's appearance and to keep prop¬ 
erty values from declining. These 
covenants may be part of the land 
and deed for as long as 10 to 25 
years, and, at that time, they may be 
automatically renewed for another 10 
to 25 years unless changed by the 
members of your housing develop¬ 
ment. Violation of any one or more of 
these covenants could result in litiga¬ 
tion against you by a neighbor or 
neighbors, and much time and 
money spent in the courtroom. 

These covenants are another blow 
against the ham radio operator, who 
may not even be able to use his own 
land for the installation of his dream 
antenna farm. It appears that more 
and more single-home housing devel¬ 
opments, townhouses, twin homes, 
duplexes, condominiums, and apart¬ 
ments are placing more and more an¬ 
tenna restrictions on their buildings 
for esthetic reasons, and in turn these 
restrictions are slowly taking away 
your rights. 

Take it from one who has been that 
route and knows from first-hand ex¬ 
perience. Check the agreement of 
sale and deed before you sign on that 
dotted line. Don't spend hundreds, or 
thousands, of dollars in the court¬ 
room, or be forced by a judicial court 
order to dismantle your antenna 
system. 

Robert IM. Wilderman, K3SRO 
Lansdale, Pennsylvania 
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THE ARRL DIRECTORS CONSIDERED organizational changes proposed by the Long Range Plan¬ 
ning Committee, the Central Division Recall, changes in subbands and bandplans, a new 
ARRL periodical, its Washington representation, and a host of other topics when it met 
in Newington September 9-10. 

The Long Range Planning Committee proposed an extensive reorganization of the League 
at the state and local level, with a newly created post of Section Manager for each of 
the 73 sections, creation of division steering committees, and redesign of the Advisory 
Committees with a representative from each division serving on each AC. This program 
was endorsed by the board, which asked for specific plans, cost information, and imple¬ 
mentation timetables for consideration at the next board meeting. 

The Central Division Recall and Bylaw 20 were both considered at length, but no action 
was taken on various proposed changes in the recall bylaw because of the pending recall 
vote. However, the board did vote to permit Director Metzger to include a statement in 
his own behalf with the recall ballot (along with statements by the ARRL and the Indiana 
Radio Club Council), an addition that was agreed to by the Executive Committee. 

The Proposed 160 Meter Bandplan (August QST ) was adopted unanimously based on the very 
favorable response to the articlein QST, but the previously passed motion to expand 40- 
meter Extra phone privileges was withdrawn. The board also voted unanimously to petition 
the FCC to expand General-class phone on 75 down to 3860, and to permit the "automatic 
control" of beacons. It also adopted 20-kHz channel spacing for the 144.5-145.5 repeater 
subband, and requested completion of bandplans for both 6 meters and 23 cm in time for 
the 1982 annual meeting of the board. 

A New Beginner/Novice Periodical may be in the offing. The General Manager, Member- 
ship Attairs Committee, and Plans and Programs Committee were directed to study the feas¬ 
ibility of such a publication with a report due at the first 1982 board meeting. The 
board also voted to establish a separate ARRL publications price list for members buying 
them from Headquarters, to go into effect no later than January, 1983. 

Improved Washington Liaison efforts, the tightening of the regulations for single-mode 
DXCC awards, the extension of all current Advisory Committee appointments pending further 
consideration of the Long Range Planning Committee's recommendations on AC makeup, and 
even a review of the usefulness of the "T" in RST CW reports were also voted on in this 
far ranging session. 

OBSCENE LANGUAGE ON THE AIR should no longer be an FCC problem, the Commissioners 
voted September 17 in a wide-ranging recommendation to Congress for changes in the Com¬ 
munications Act. Although most of the Commissioners' proposals dealt with the regula¬ 
tion of broadcasting, proposals pertaining to the question of obscenity will affect the 
Amateur service (and other services) as well. 

The Commissioners Voted unanimously to drop their right to revoke a station license 
for violation of obscenity statutes, and voted 4 to 2 in favor of amending Section 326 
to strip the Commission of "any power of censorship over the content of communications." 
With obscene or other objectionable language no longer a concern of the Commission, any 
prosecution of foul-mouthed Amateurs would then go to the Justice Department. 

A NEW RFI SOURCE is beginning to cause problems to Amateurs, particularly in rural 
areaiT The troublesome device is the CMH, a multiplexer that provides eight multiplexed 
voice channels over a conventional phone line. The problem is in its switching-type 
power supply, which operates at 79 kHz and generates harmonics well into the VHF spectrum. 
These harmonics are radiated through the phone lines it is tied into. 

CMH-Generated Interference shows up on the bands as slightly unstable signals that 
appear every /9 kHz, 

THE "PLAIN LANGUAGE" AMATEUR RULES rewrite may be turning out to be a dead issue. In 
a letter to a Lincoln, Nebraska, Novice (KA0JYZ), Senator Barry Goldwater, K7UGA, stated 
that, "The rules changes in language have been stopped for the time being, and I think 
when we get better acquainted with the new head of the FCC we can forget all about them." 

With The ARRL And Many Individual Amateurs lukewarm or even opposed to the rewrite as 
it is now proposed, the Goldwater opposition may very well be the signal of the demise of 
the rewritten Amateur rules. 

BOB STANKUS (KESWICK SALES) pleaded not guilty to 22 counts of mail fraud at his first 
appearance before the judge on July 6. After some discussion between the lawyers, how¬ 
ever, he decided to change his plea to guilty on 11 of the 22 counts in return for having 
the other 11 charges dropped. The court is now awaiting a probation report on Stankus, 
and after the report is received he will be sentenced for his part in the "bargain" 
TS-520S mail-order sale scheme. 

1981 WINNERS OF THE EIGHT SCHOLARSHIPS that were administered by the Foundation for 
Amateur Radio are KA0DGT, WB7RVP, WAlWFA, WA2CUH, KA7BWC, KA5B0U, and KA2DYC. Congrat¬ 
ulations to all. 
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communications receivers 



for the year 2000 


Part 1: New designs, micro¬ 
processors, input filters, 
and mixers 

Some changes have occurred since my paper 1 ap¬ 
peared on optimum design for high-frequency com¬ 
munications receivers: 

1. The sunspot cycle has given better propagation 
conditions. 

2. Manually operated receivers have become "intelli¬ 
gent" with the advent of built-in microprocessors. 

3. Receiver dynamic range has been increased with 
better amplifiers and mixers. 

4. Blocking problems have diminished with better 
synthesizers. 

5. Better dynamic performance of filters has im¬ 
proved reception on crowded frequencies (note that 
dynamic selectivity is not the same as static selectiv¬ 
ity, which is discussed later). 

6. Frequency resolution and acquisition have in¬ 
creased dramatically. 

7. Up conversion avoids gaps in frequency coverage. 
Many new receiver designs use an LO and intermedi¬ 
ate frequency higher than the highest frequency of 
reception. 

8. Lowpass filters in the receiver front end, combined 


with suboctave filters, tunable circuits, or both, ob¬ 
tain constant image and i-f suppression. Such design 
guarantees image-response suppression and sub¬ 
stantially reduces LO re-radiation. 

9. As the output oscillator in a synthesizer has a 
range of less than 2:1, design of these oscillators has 
become simpler. 

In retrospect I find that my earlier predictions have 
been substantially correct and that advances in tech¬ 
nology, specifically in digital techniques and micro¬ 
processor design, have been much faster than in rf- 
circuit design. 

What can we expect in the future? Let's look at to¬ 
day's communications-receiver technology in terms 
of the year 2000. 

receiver specifications 

Communications receivers are best described by 
their specifications. Table 1 shows data for a com¬ 
munications receiver covering 10 kHz-30 MHz, and 
table 2 shows specifications for a communications 
receiver covering 20 MHz-1000 MHz. These are clear¬ 
ly general-coverage receivers, and one may ask, 
What does this have to do with ham radio? 

Most engineers working on Amateur receivers 
have had experience in commercial design, and while 
I've always said that the crowded ham bands are a 
greater challenge to the receiver designer (this holds 
true only for the shortwave area), general-coverage 


By Ulrich L. Rohde. DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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receivers monitor all frequencies and, therefore, 
must be able to survive this hostile environment — a 
real design challenge. 

In terms of energy, there is now really more energy 
available for injection into the antenna of a VHF/UHF 
receiver than at the input of a VLF/HF receiver; and 
the dynamic range requirements for VHF/UHF receiv¬ 
ers are now even higher because the noise floor is 
substantially lower than in receivers for the short¬ 
wave bands. 

new approaches in design 

Fig. 1 is a block diagram of a VLF/HF receiver with 
microprocessor control and other features. It's not 
very likely that this receiver will be smaller or better 
designed in coming years. 

As we shall see later, dynamic range is determined 
by a) the mixer and the LO drive (a question of drive 
power and therefore power consumption), or by b) 
the dynamic range of the amplifiers (again, it be¬ 
comes a question of power consumption versus dy¬ 
namic range). 

Let's look at the block diagram. As the receiver 
must handle extremely large signals at times (to the 
point where the input circuit can be burned out), an 
input attenuator is a good protective device. 

Modern receivers should have a self-test circuit 
and, therefore, we find in the block diagram (from 
the Rohde & Schwarz EK070 receiver) a built-in noise 
generator that allows one to monitor the signal over 
the entire receiver. 

One of the ten input filters may be automatically 
selected and determined by the synthesizer. The in¬ 
coming frequency is up converted to a first i-f of 81.4 
MHz, where a crystal filter (12 kHz) narrows the 
number of frequencies fed to the second mixer. The 
two mixers use several filters and amplifiers. The out¬ 
put is taken at the second mixer and is available for a 
panoramic adapter. 

As in all modern receivers, independent sideband 
detection is required. Two complete i-f strips and 
two filters are included, one for upper and one for 
lower sideband. For all other modes, only one chan¬ 
nel of the i-f is used. 

The AGC must be individually determined for each 
channel. To be able to have passband tuning and to 
select different combinations of bandwidths and BFO 
frequencies, the BFO must be synthesized. Note that 
the synthesizer for the first and second LO, as well as 
that for the BFO, are fairly complex. This is a result of 
the requirement for extreme high dynamic range, 
low-noise sideband performance, fast switching 
speed, and spectral purity (high reference-signal sup¬ 
pression and no other unwanted frequencies). 

In addition to the familiar modulation schemes. 


there are a number of digital modes such as ASCII, 
Baudot, and pulse-code modulation (both a-m and 
fm). (In many cases, these signals are scrambled and 
are not available for immediate detection.) 

A clever scheme allows a 12.5-kHz output that can 
be connected to a tape recorder — unidentified sig¬ 
nals can be recorded and stored for later detection. 
In addition to these features is a built-in RTTY de¬ 
modulator, including an indication of center frequen¬ 
cy for the RTTY demodulator that eliminates the need 
of an oscilloscope for tuning. 

microprocessors and receivers 

We have heard much about microprocessor appli¬ 
cations in receivers, and many of us use 2-meter 
transceivers or other equipment that incorporates 
microprocessors. What does the microprocessor 
actually do for us? The microprocessor automatically 
handles certain routines such as scanning of frequen¬ 
cies written into memory. After the microprocessor 
has put these frequencies into the receiver's memo¬ 
ry, one can determine the field strength from the 
AGC line, compute this into absolute microvolts, dB 
above 1 microvolt, or dBm, as required. Also, the 
microprocessor can control the synthesizer and take 
care of all the arithmetic. The synthesizer frequency 
and the frequency on the display of the receiver are 
not the same; this offset can be taken into considera¬ 
tion by the microprocessor. 

The built-in self-check of a shortwave receiver will 
allow monitoring of certain functions to make sure 
the receiver is operating properly. This brings up sev¬ 
eral important questions: 

1. Are we not trading flexibility and reliability for 
automation? 

2. Is the microprocessor now such an important part 
that, once it fails, nothing will work anymore? 

3. Can we repair microprocessor-based communica¬ 
tions receivers? 

There is no question that test instruments required 
to service microprocessor-based instruments are 
more expensive and demand more training for repair 
technicians, and the price for the components of the 
computer system are not low enough to justify dis¬ 
carding questionable integrated circuits. 

I believe that there are still two extremes that will 
remain for a while at least. The Rohde & Schwarz 
EK070 receiver (photo), is designed for the future; 
and, as mentioned earlier, even in the year 2000 we 
will not be able to make the rf portion much better, 
insofar as improvements over the last five years have 
been much less dramatic than those from 1960 
through 1975. 
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The Rohde & Schwarz EK070 receiver. 


Another photo shows the Model HF1030 VLF/HF 
communications receiver (formerly from Communi¬ 
cations Products Corporation — now being manu¬ 
factured and sold by Cubic Communications Corpo¬ 
ration). This receiver is in the $6,000 price range, 
while the Rohde & Schwarz EK070, depending upon 
the options, costs between $14,000 and $20,000. 

Rf characteristics such as intercept point, image 
suppression, blocking, and switching speed for both 
receivers are comparable — only housekeeping and 
utility functions such as memory, built-in RTTY de¬ 
modulator, and self-check are different. It is there¬ 
fore the decision of the user how much he wants to 
spend and what type of receiver he wants. 

The frequency range of 20-1000 MHz requires 
higher dynamic performance and more scanning and 
searching capabilities. The absolute bandwidth of 
this frequency range is much wider; and for frequen¬ 
cy searching or frequency hopping, more require¬ 
ments are demanded of the frequency synthesizer. 
The fm capability requires more bandwidth choices. 
A typical example is the Rohde & Schwarz ESM500 
receiver. Its performance characteristics are listed in 
table 2. • 

We have heard so much about increased perform¬ 
ance capability that we will want to look at several cir¬ 
cuits and see how these improvements are achieved. 
But, one note of caution: microprocessors have be¬ 
come a national obsession, and a device not having a 
built-in microprocessor is not considered modern — 
a misleading notion I The microprocessor is nothing 
more than a device that can execute instructions se¬ 
quentially and at fast speed. 

Standard circuits with normal gate decodingjdo 
everything in parallel; for practical purposes there is 
no execution delay. As the microprocessor becomes 
overloaded speed and flexibility are lost. To write ex¬ 
tremely long programs for microprocessors in assem¬ 
bly language requires substantial knowledge in pro¬ 
gramming and debugging. As a result, the present 
tendency is to break up the tasks by using a central 


microprocessor; for reasons of speed, a 16-bit unit 
such as the Motorola 68000 is used, as well as several 
independent processors in slave mode — the most 
popular are the 8085 or, for smaller tasks, the 8748 or 
8749. 

The microprocessor is not always a necessity, and 
the tradeoff between cost and speed introduces an¬ 
other hazard. Every microprocessor requires an inter¬ 
nal clock. Sometimes these clocks are at frequencies 
that cannot be generated from the master standard 
and. therefore, additional frequencies occur, gener¬ 
ating radio interference and spikes inside the receiv¬ 
er. It becomes a major task to shield and insulate one 
or more microprocessors and their switching noise 
from the outside. 

The HFI030 receiver is a good example where flex¬ 
ibility is obtained by a parallel BCD bus that controls 
the entire receiver and does not require a microproc¬ 
essor. Even the LED display is not multiplexed. A re¬ 
ceiver that can go down to 10 kHz will probably pick 
up this switching noise, then the additional shielding 
required can be more expensive than the reduction in 
cost by using a microprocessor over conventional 
logic. Some companies offer programmable logic- 
array ICs, which would take an intermediate position 
between the logic and the microprocessor system. 

input filters 

Current receiver designs generally use a high- 
pass/lowpass filter combination. Typically, a 1.6- 
MHz highpass is used to suppress incoming signals, 
and a 30-MHz lowpass filter is used to provide image 
rejection and prevent oscillator re-radiation. We 
therefore have a window almost 30 MHz wide that 
can lead to several second-order intermodulation dis¬ 
tortion products. 



Cubic Communications HF1030 receiver. 
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table 1. Specifications of a modern VLF/HF receiver. 


frequency range 
frequency setting 


resolution 
frequency drift 
after 10 minute warmup 
within one day 
caused by aging 
in rated temperature range 
types of emission 


with telegraphy demodulator 

antenna input 
VSWR 

permissible input voltage 
oscillator reradiation 
sensitivity* 
with A1, B = 300 Hz 
with A3, B = 6kHz, m = 60% 
with A3J, B = 3.1 kHz 
preselection 


intermediate frequencies 
1st i-f 
2nd i-f 
i-f selectivity 


interference immunity, 
nonlinearities 


10 kHz to 30 MHz 

a. quasi-continuously by rotary switch in increments of 10 
Hz/100Hz/1 kHz 

b. digital entry via keyboard 

c. remote control via data interface (setting time 50 ms) 
7-digit liquid crystal display 

10 Hz 


<3x10 7 at +25°C 
<3x10-* 

<1 x10- 6 /year 
<3x10- 7 

A1 (CW, A2 (MOW), A3 (a-m) 

A2H, A3H (AMEI } (SSB) upper 

A2A, A3A } and lower 

A2J, A3J } sideband 

A3B, (ISB), 

FI(FSK) 

F4 (facsimile) 

F6 

Zj n = 50 ohms, BNC female connector 
<3 

s 10 V EMF 

< 10/tV at antenna input with 50-ohm termination 

for 10dB (S + Nl/N, 0.2 = 30MHz 

<3nV£MF 

<2.0 pV EMF 

<0.75jiV EMF 

0 to 0.5 MHz; lowpass filter 

0.5 to 1.5 MHz; bandpass filter — 8 suboctave 

filters between 1.5 and 30 MHz 


81.4MHz, B = 12kHz 
1.4 MHz 
3dB bandwidth 
(minimum) 

±75 Hz 
± 150 Hz 
±300 Hz 
±750 Hz 
±1.5 kHz 
±3 kHz 
±6 kHz 

+ 0.3 to +3.4 kHz 
-0.3 to -3.4 kHz 


60 dB bandwidth 
(maximum) 


±225 Hz 
±375 Hz 
±750 Hz 
±1875 Hz 
±3.75 kHz 
±7.5 kHz 
±50 kHz 


-0.3 to +4.0 kHz 


+ 0.3 to -4.0 kHz 


intermodulation* 
d 3 within A3J sideband 
d 3 , Af 2 :30 kHz 
dj(1.5to30MHz), 

Af &30 MHz 


>46dB down, wanted signals 2 x 10 mV EMF 
>70 dB down, unwanted signals 2 x 100 mV EMF 
>70 dB down, unwanted signals 
2x100mV EMF 


blocking* 


<3 dB signal attenuation, wanted signal 1 mV EMF, 
m = 30%/1 kHz; unwanted signal 1 mV EMF, Af2:30 
kHz 
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table 1. Specifications of a modern VIF/HF receiver Icont.) 


desensitization • 

inherent spurious signals 
spurious responses 
image frequency rejection 

rf gain control, switchable 


control range 
AGC error 
attack time 

decay time (switchable) 

BFO 

attenuation at i-f output 
FI demodulator 
limiting factor 
line spacing 
keying speed 
signal distortion 
single current 
double current 
outputs 

1st oscillator 81.4 
to 111.4MHz 
2nd oscillator 80 MHz 
1-MHz output 
switchable to 1-MHz 
external reference input 
2nd i-f 1.4 MHz 
recording output 12.5 kHz 
panoramic output 1.4 MHz 
af line outputs 600 ohms 
output level 
distortion 

af output 5 ohms (headphones output 
100 ohms) 
output level 
distortion 

signal characteristics 
af response (overall) 
af S/N ratio 

phase noise ratio with A3J 

remote control 
IEC bus 

or (depending on order number) 
RS232C 


‘without 20-dB attenuator pad 


<10% modulation transfer; unwanted signal 200 mV 
EMF. m = 30%/1 kHz; wanted signal 1 mV EMF, Af a20 
kHz 

20 dB SINAD; wanted signal 30 /iV EMF, B = 3.1 kHz; 

unwanted signal 300 mV EMF, Af St 30 kHz 

<0.5ftVequivalent EMF 

>90dB down at Af a 30 kHz 

>80 dB 

>90dB 

MGC 

MGC + AGC 
AGC 

> 100 dB 

<4dB 11/tVto 100 mV EMF)* 

5 ms (level jump + 60 dB) 

0.4s/1.8s (level jump -60dB) 
variable in 100-Hz steps over ±3.1 kHz 

> 50 dB referred to i-f level 

>40dB 

50 to 1000 Hz 

1 to 100 bauds 

<5% at 100 bauds 

40 to 60 mA, variable; EMF = 60V 

in compliance with CCITT V.28 


OdBm. 50 ohms 
OdBm, 50 ohms 
50 mV into 50 ohms 

30 to 500 mV into 50 ohms 
50 mV into 50 ohms 
OdBm. 600 ohms 
B = 12 kHz 
floating 

-10 to +3 dBm, adjustable 
< 1 % with A3J 


1 W (12 mW. can be attenuated) 

<5% 

< 3 dB from 300 to 3400 Hz 

>40dB SINAD with 1 mV EMF 

>75 dB with >300 Hz spacing and 1 Hz measuring 

bandwidth, 1 mV signal EMF 

interface in compliance with IEC and CCITT 

IEC 625-1, 24-way connector (Amphenol); functions: 

T5. L3, SR1.RL2 


CCITT V.24, switchable to CCITT V. 10 

IRS 423) 110/200/300/600/1200/2400/4800/9600 

ASCII 7 bits 
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The second-order intermodulation distortion, de¬ 
fined as F[ ± F 2 or F 2 ± Fi, can be filtered with suboc¬ 
tave bandpass filters. The third-order intermodula¬ 
tion distortion products generated from 2xFj±F 2 
and/or 2 xF 2 ±F t for close spacing, such as 10 kHz 
or closer, cannot be filtered. However, since there 
are so many signals present at the same time, the in¬ 
put bandwidth should be as narrow as possible. 

Fig. 2 shows a solution that combines bandpass 
filters from 1.5-10 MHz and two input tracking filters 
from 10-30 MHz. Note the large number of tuning di¬ 
odes in parallel. This is because no diodes are avail¬ 


able that have the required high capacitance. In addi¬ 
tion, intermodulation distortion products are reduced 
if the energy is distributed over more capacitance. 
Four-to-one stepdown transformers are used. 

Because the tuned circuit operates at low impe¬ 
dance, both sides of the tuned circuit operate at 50 
ohms. This input filter, despite the tuning diodes, 
does not degrade the 30-dBm intercept point of the 
following stage. Therefore this preselector is trans¬ 
parent as far as intermodulation distortion of any 
kind is concerned. Relays are necessary to avoid dis¬ 
tortion from the switching diodes. 
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Similar input tracking filters are possible in the highpass sections must be calculated so that they 

VHF/UHF range. The general finding is that PIN-diode operate together with the lowpass section (see refer- 

attenuators, as sometimes used, limit the dynamic ence2). 
range to about +10 or +15 dBm. In transceiver ap¬ 
plication, it's possible to use the lowpass sections of input mixers 

the transmitter, and one has only to add highpass fil- We now find a major struggle between semicon- 

ter sections to obtain bandpass characteristics. The ductor manufacturers and rf engineers regarding the 
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fig. 2-3. The rf input stage of a modern receiver using six bandpass filters and two varactor-tuned 
input filters (continued). 


best mixer design. There is no question that we must 
use a double-balanced mixer to minimize the number 
of unwanted frequencies at the mixer output. Four 
solutions are currently available. These include the 
use of : 

1. Bipolar active mixers. 


2. Diode mixers. 

3. FET active mixers. 

4. Passive FET mixers in the switching mode. 

Plessey has recently introducted the first really high- 
level double-balanced mixer, and several attempts 
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have been made to use it. (Probably the best sum¬ 
mary is published in the January, 1981, issue of QST 
by Doug DeMaw.) It appears that, while the Plessey 
SL6440C is suitable for synthesizer or other applica¬ 
tion, its use in high-performance receivers is limited. 
The reason for this is discussed in the following para¬ 
graphs. 

Mixer noise figure. Let's assume that the manufac¬ 
turer's specifications for this Plessey device are valid: 
noise figure 10 dB, gain 4 dB, and intercept point 
+ 30 dBm. The mixer must operate into a stage that 
has a noise figure of less than, say, 3 dB. If a crystal 
filter or other device is inserted between the two 
stages, the mixer will have unity gain, as the filter 
losses will compensate for the mixer gain. We there¬ 
fore can add the two noise figures and obtain a noise 
figure of 13 dB. This is done under the assumption 
that the stage following the first amplifier after the 
mixer does not contribute to the noise figure. 

Let's do the same with a diode mixer, such as that 
developed for the HFI030 receiver, which contains 
two diode bridges, as shown in fig. 3. This mixer has 
an intercept point of + 30 dBm, and with two signals 
of zero dBm applied to the input it generates two in¬ 


termodulation distortion products of more than 60 
dB, attenuated relative to the input signal. The mixer 
requires +17 dBm LO drive and has 6-dB insertion 
loss. The following amplifier again will have 3-dB 
noise figure, and, to make absolutely sure that the 
mixer is always terminated precisely with 50 ohms, 
no filters are inserted between the two devices. 

As shown in my previous papers, a field-effect 



table 2. Specifications of a modern VHF/UHF receiver. ) 

frequency range 

20 to 1000 MHz 

frequency setting 

a. quasi-continuous with rotary knob; the tuning speed 
increases with the speed of rotation 

b. from keyboard on front panel 

c. entered from internal memory 

d. entered from external computer 

resolution 

1kHz/10 Hz (SSB) 

readout, digital 

6-digit display for receive frequency, 6-digit 

(can be shifted by 3 digits 

display for frequency entered from keyboard or 

in SSB operation) 

stored frequency value, 2-digit display for 
storage location 

error of frequency setting 

+ 1 x 10 8 (or external standard frequency, 10 MHz) 

antenna input 

50-ohm, type-N socket 

oscillator reradiation 

with 50-ohm termination 

< VV corresponding to - 107 dBm 

input filters 

tracking filters 

frequency setting storage capacity 

99 frequencies and their respective type of demodula¬ 
tion and i-f bandwidth 

loading of storage 

frequency entered from keyboard or current receive fre¬ 
quency, including type of demodulatio i-f band- 

scanning operation 

up to 99 stored frequencies can be c .ally scanned; 
halts automatically if frequency is occupied; scanning 
operation continued after preselected period of time at 
the push of a button 

scanning time 

Typically 50 ms per stored frequency 

S/N ratio 

(V in = tyV, f mod = 1 kHz, 
i-f bandwidth 30 kHz, af filter on) 
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table 2. Specifications of a modern VHF/UHF receiver (cont.). 


a-m (m = 0.5) 
fm (deviation 10 kHz) 
total noise figure 
(including af section) 
oscillator phase noise 
(at 20 kHz from the carrier) 
fm noise suppression 
(3-kHz deviation, 
f mod = 1 kHz. V ln =1mV) 
intercept point 2nd order 
3rd order 

image frequency rejection 

i-f rejection 

i-f bandwidth (3dB) 

demodulation 

squelch 

af filter 


MGC 

AFC 


indication 

level 

frequency offset 

panoramic display 
i-f panoramic display 
sweep width 
resolution 
amplitude display 


rf panoramic display and 
broadband i-f display 
rf sweep width 


i-f sweep width 
amplitude display 
internal testing facilities 
continual test 

loop test 


outputs 


remote control (via IEC bus 
or RS232C interface) 


> 10dB 
>20dB 

9 dB typical 

120 dB/Hz typical 


50 dB typical 
50 dBm typical 
12 dBm typical 
>90 dB 
>90dB 

2.3 kHz, 8 kHz, 15 kHz. 30 kHz. 100 kHz, 
MHz 

a-m, fm, SSB 

S/N ratio and adjustable carrier squelch ci 
can be switched off) 

300 Hz to 3.3 kHz; can be switched out 

i-f control for V in < 80 dB i/xVI 

rf/i-f control for V in < 120 dB (<rV) 

i-f control 80 dB 

rf 40dB; can be switch selected 

digital tracking of signals of unstable freque 

switch off) 

on moving-coil meter in dB 1/iVI 
on moving-coil meter; sensitivity of offset m 
ed to bandwidth 


200 kHz 
4.5 kHz 

logarithmic approximately 80 dB 
4cm x 3cm 


entire reception range (500 MHz, maximun 
particular section of it; superposition of 
marker for receiver tuning 
2 MHz maximum 

linear or logarithmic 80 dB HOdB/cm) 

monitoring of subassemblies; error signalec 

triggered by pressing a button; automatic 
complete receive section including the af sec 
LEO displays 

level, offset, af (600 ohms), a-m video, fr 
(10.7 MHz, 2-MHz broadband, 50 ohms, 1< 
input level, without AFC) i-f 110.7 MHz, ni 
with AFC, 50 ohms, 10 mV), inputs/o 
panoramic adapter EZP, COR (Carrier Opera 
coupled with squelch; dropout time inti 
justable 

external control voltage, squelch response tl 


all important functions, input and output 
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transistor such as the CP643 operated at 20-30 mA 
will have about 50 ohms input impedance and will 
have no reactive components. This combination re¬ 
sults in a total noise figure of 8 dB; and as the 
double-balanced mixer has some insertion loss, the 
intermodulation distortion products are now deter¬ 
mined by mixer performance — not by the following 
amplifier. 

In the case of the active mixer with the Plessey 1C, 
even if we remove the filter and allow no noise contri¬ 
bution from the amplifier following the mixer, the 
noise figure is 10 dB, or 2 dB worse; and as the 
device has gain (zero dB gain is more than a 6-dB 
loss), we now must look at the intermodulation dis¬ 
tortion products generated in the amplifier, which 
was not necessary in the previous case. Altogether, 
it becomes apparent that the passive double-bal¬ 
anced mixer, from a systems approach, is a better 
choice. 

IMD. Let's consider the active Plessey mixer or the 
active FET mixer — using four FETs either in a quad 
package such as the U350 (apparently discontinued 
by Siliconix) or a dual-FET version and measure the 
intermodulation distortion as a function of frequency 
offset between the two carriers. We may be able to 
verify the intercept point between +20 and +30 
dBm over a narrow range, but as the filter bandwidth 
is reached, and the input impedance of the filter fol¬ 
lowing the active mixer changes, other changes also 
occur. 

Most elliptical filters become high-impedance de¬ 
vices (unless simple tuned circuits are used); and as 
the impedance rises at the output of the active mixer, 
so does the intermodulation distortion product. In ef¬ 
fect, we must sweep the mixer over the range of in¬ 
terest to make sure that intermodulation distortion 
does not occur or is at an acceptable level. 

The use of a passive mixer terminated by a ground¬ 
ed-gate field-effect transistor, or an amplifier using 
the "noiseless feedback" approach, ensures inter¬ 
modulation distortion products independent of fre¬ 
quency offset. The design of the Rohde & Schwarz 
ESH2 laboratory receiver combines these require¬ 
ments. Fig. 4 shows the input rf section of the ESH2, 
which offers this superior performance. 

FET mixers. The current trend is to use field-effect 
transistors in the passive mode, or as switching 
devices in the mixer. Fig. 5 shows a possible configu¬ 
ration. The FET acts as a fast switch. It has a much 
more defined square-law characteristic than any 
other device. The diode ring mixer generates its inter¬ 
modulation distortion when it is about to open or 
close and has a high-order, nonlinear transfer charac¬ 
teristic; the FET does not suffer from this occurrence. 
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fig. S. Passive FET mixer for extremely high intercept 


With suitable bias applied, the intercept point can be 
as high as + 40 dBm with little difficulty in reproduc¬ 
tion. This technique is currently used by the Racal 
RA6790 receiver and by the AGC Telefunken E1700 
receiver. 

The disadvantage of this circuit is cost, as the LO- 
drive level must be as high as 23 dBm, and the 
matching of the device is fairly critical. 

VMOS transistors have been used lately in mixers. 
It appears that these devices are slightly unstable. I 
had Doug DeMaw's mixer on loan and had some dif¬ 
ficulties with it. Unfortunately, the ARRL wanted it 
for other projects, and I couldn't finish my testing; 
but I understand that it was tested by an independent 
source and they confirmed the instability if the mixer 
is not terminated with a pure resistance. In addition, 
the VMOS device, being an enhancement field-effect 
transistor, is slightly more noisy than the junction 
field-effect transistor. We are now beginning to try 
new circuits, including a combination of power field- 
effect transistors, such as the U320 or the CP640, 
which should give promising results. 

In the second part of this article, we will look at 
feedback amplifiers, including the noiseless feedback 
circuit; i-f filters; i-f detectors; and frequency synthe¬ 
sizers including the fractional-N design. 
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understanding performance data 

of high-frequency receivers 


Check over these definitions 
before you buy a new receiver 

When reading manufacturer's data sheets or 
product reviews for receiving equipment, one en¬ 
counters terms such as dynamic range and inter¬ 
modulation distortion, covering essential features of 
high-frequency receivers but not generally known to 
Amateurs. Let's go through an example of high- 
frequency transceiver or receiver specifications and 
see what the terms really mean. 

sensitivity 

First we read that the "receiver sensitivity is 0.25 
mV at 10-dB S/N," where S/N stands for signal-to- 
noise ratio. This information tells us that we need a 
0.25 -mV signal at the receiver antenna input to obtain 
an audio-output signal, S, of 10 times (10 dB) the 
audio-output power of the internally generated 
receiver noise, N. This value (0.25 mV) is typical for 
the sensitivity of a good receiver; much lower figures 
(higher sensitivity) are rare except in commercial 
grade equipment. 


noise floor 

The internally generated circuit noise in the 
receiver is usually represented as the rf input signal 
level that produces the same audio output power as 
the noise. This level is, for practical purposes, the 
minimum-discernible signal that can be detected in a 
receiver. This signal level is called the noise floor and 
is generally expressed in decibels below one milliwatt 
power, or -dBm. Since 0.25 mV from a 50-ohm an¬ 
tenna into a receiver whose input is matched to 50 
ohms impedance equals - 119 dBm, the noise-floor 
level in the example case is about - 129 dBm, a com¬ 
mon value for a manufactured Amateur high-fre¬ 
quency receiver. Homebuilt equipment can some¬ 
times improve on this figure, and values below - 140 
dBm have been measured. 

receiver noise 

Receiver noise is a function of, among other 
things, receiver bandwidth. If we assume that the 
sensitivity of 0.25 mV was specified for a bandwidth 
(passband) of 2.5 kHz as used for SSB work, the 
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reduction of the bandwidth with a filter for CW to, 
say, 500 Hz, will improve the receiver's apparent sen¬ 
sitivity. The reason is that, by reducing the band¬ 
width five times, you reduce the amount of noise 
coming through the receiver and effectively lower 
the noise floor 7 dB. The new level, in our example 
-136 dBm, makes it possible for you to receive a 
correspondingly weaker CW signal, about 0.1 *tV, 
with the same 10-dB signal-to-noise ratio as the SSB 
signal first mentioned. Anyone who has operated 
such a narrow bandwidth receiver will remember 
how quiet it seems and how you can pick out really 
weak ones. 

IMD and desensitization 

The ability of a receiver to handle a wanted signal 
in the presence of strong adjacent signals is of 
greatest importance in today's crowded Amateur 
bands. Two phenomena are most significant, inter¬ 
modulation distortion, or IMD, and blocking, or 
desensitization of the receiver. IMD is caused by the 
mixing, because of imperfections in the receiver front 
end, of wanted with unwanted signals outside but 
near the receiver passband. The result is interfering 
signals in the passband; most dominantly they are 
the third-order mixing product of two unwanted sig¬ 
nals. (Example: two unwanted signals with frequen¬ 
cies fj and f 2 , mixing product f, = 2ft~f 2 ; if 
/, = 14,060 kHz and f 2 = 14,040 kHz, then /, = 
14,080 kHz. The same is true for f, = 2f 2 
-f, = 14,020 kHz.) 

IMD dynamic range 

Returning to the sample specs — they state that 
"third order IMD is better than -36 dBm." Accord¬ 
ing to definition, this says that, if the receiver is tuned 
to frequency /„ a resulting signal of this frequency 
will be audible 3 dB above the receiver's noise level 
when incoming signals fj and f 2 are at the -36 dBm 
level (about 50 dB over S9). Such a weak /■signal is 
just barely recognizable in the noise. This information 
permits the calculation of IMD dynamic range, the 


difference between the noise-floor level and the IMD 
measured level; here it is 93 dB for an SSB band¬ 
width. 

This number is one of the most important charac¬ 
teristics of a receiver in that it specifies the range of 
signals that can be handled with essentially no unde¬ 
sired spurious responses. Other effects, such as 
blocking and crossmodulation, occur mainly outside 
this range of signals, see fig. 1. A good receiver is 
expected to have an IMD dynamic range of at least 
80-85 dB, and slightly better for a CW bandwidth. 

The IMD effect is basically caused by the mixer, 
and one measure of receiver performance is obtained 
in the following manner. If the mixer i-f output of the 
desired signals, as well as the IMD product, are plot¬ 
ted against rf input, the two lines will intersect at a 
certain output level, fig. 2. Note that the two straight 
lines will have to be extrapolated to intersect, as this 
usually occurs at such high rf input levels that mixer 
gain compression (see below) takes place. The inter¬ 
section level of output is called the third-order or IMD 
intercept (point), and is expressed in dBm. This point 
defines essentially the intermodulation performance 
of the receiver front end for all signal levels and thus 
becomes a figure of merit. Typical IMD intercept 
values range between - 5 and 25 dBm — the higher 
numbers indicating better performance. 

gain compression and blocking 

Blocking, or desensitization, is the result of a very 



fig. 2. Third-order intercept point is determined by ex¬ 
trapolating the desired product curve beyond the mixer 
compression point and intersecting it with the third- 
order IM-product curve. (From the ARRL Radio Ama¬ 
teur's Handbook. 1981.1 
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strong signal outside the receiver's i-f passband 
causing loss of gain; that is, gain compression. The 
blocking signal level is defined as the rf input voltage 
20 kHz off frequency that causes the audio output of 
a weak desired signal (S5 or so) to drop by 1 dB. Typ¬ 
ical signal levels are 20-25 dB above the third-order 
IMD level but this quantity is rarely stated in receiver 
specifications. Sometimes the expression "blocking 
dynamic range" is used. This is the difference be¬ 
tween the noise floor level and blocking signal level. 
In the example case, this value typically would be 
113-118 dB (related bandwidth should be stated). 

cross modulation 

Cross modulation occurs when the modulation of 
an adjacent strong signal appears on a desired strong 
signal in the millivolt range. The effect is rarely meas¬ 
ured for Amateur receivers, where the interest is cen¬ 
tered on small-signal performance. Also, IMD prod¬ 
ucts would probably have been encountered in the 
receiver during such operating conditions. Many 
modern receivers contain a switchable front-end 
attenuator to minimize the unwanted effects of 
strong-signal reception.* 

SSB selectivity 

The sample receiver specs state that the receiver 
SSB selectivity is "2.4 kHz at -6 dB and 3.6 kHz at 
-60 dB." These numbers show a) the width of the 
receiver passband at 6 dB below the peak of the i-f 
curve (2.4 kHz) and 60 dB down from the peak (3.6 
kHz) and b) the depth and the shape or form factor of 
the gate through which your desired signals can 
pass, fig. 3. The shape factor is defined as the ratio 
between the receiver bandwidth at -60 dB and -6 


'Try reducing the rf gain. Most receivers have an rf gain control. Editor 


dB; in this case it is 1.5. 

Receiver selectivity is largely established in the i-f 
circuits and, depending upon the characteristics of 
the i-f filters and signal leakage, the passband curve 
can be quite narrow and have steep sides down to 80 
or 90 dB below the peak. A steep curve with sides 
going as low as possible before flattening out is desir¬ 
able in that adjacent i-f signals are better suppressed, 
causing less interference and background hash. A re¬ 
ceiver with a square-shaped passband curve down to 
-90 dB will appear much quieter than one that be¬ 
gins to flatten out at - 60dB. 

CW selectivity 

For CW operation, most high-quality receivers 
offer a number of narrow passband options, which 
are achieved by installing additional i-f filters. One of 
the example receiver options provides a selectivity of 
500 Hz at -6 dB and 820 Hz at -60 dB. These 
values are average narrowband figures, and an exper¬ 
ienced CW operator may even choose a higher selec¬ 
tivity such as 250 Hz at -6 dB and 500 Hz at -60 
dB. Similar options exist for SSB operation by i-f filter 
replacement, but the bandwidth is rarely reduced 
below 1.8 kHz at -6 dB because of loss of voice 
quality. Instead, efforts are made to make the i-f 
passband steeper and improve out-of-band i-f signal 
suppression with more complex filters, possibly 
cascading several units. 

image suppression 

Because most Amateur communications receivers 
are superhets, two specifications relate directly to 
their conversion design. In the mixer, the undesired 
sum (or difference) of incoming-signal and local- 
oscillator frequencies, the image signal, is suppressed 
by the combined action of a high first i-f, the tuned 
circuits preceding the mixer, and good shielding. The 
sample specs state, "Image ratio better than 60 dB," 
which is entirely sufficient for Amateur use, in which 
most antennas are tuned to the operating frequency 
or a harmonic thereof. 

i-f rejection 

The receiver i-f is also susceptible to false signal 
pickup. The i-f circuit shielding and the tuned circuits 
before the mixer (tuned to the desired signal frequen¬ 
cy) prevent outside signals at the intermediate fre¬ 
quency from entering the receiver. According to the 
sample specs, "i-f rejection better than 80 dB," a 
very satisfactory value, as the i-f is not a harmonic of, 
nor does it fall on, any Amateur band. 

frequency stability 

One essential quality is frequency stability. Modern 
solid-state oscillators have largely overcome stability 
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problems in Amateur equipment. The example re¬ 
ceiver specifies frequency stability as, "Within 100 
Hz during any 30-minute period after 1 hour of warm¬ 
up." This magnitude of drift would, at most, appear 
as a very, very slow change of tone pitch, barely no¬ 
ticeable on CW, and would be entirely satisfactory. 

summing up 

Of all these performance characteristics, which are 
the most important? Well, I live near Los Angeles, 
where a lot of strong local signals seem to fill every 
DX band. 

After I determined that the transceivers I was inter¬ 
ested in comparing had the desired bands, digital fre¬ 
quency readout, and other general features, the first 
special consideration I looked for became the receiv¬ 
er's blocking characteristics and IMD dynamic range. 
Fortunately, this matter has recently been given a 
great deal of attention by two competing manufac¬ 
turers of high-frequency transceivers, as well as the 
ARRL product review team. Consequently, the data 
were readily available in QST and from the manufac¬ 
turers and their data sheets. 

My second special consideration was receiver se¬ 
lectivity. A basic SSB passband curve with a shape 
factor of 1.5 or less and straight sides down to - 90 
dB or lower would be most desirable. Additionally, a 
front-panel, switchable, narrowband CW filter with 
narrow bandwidth is a must. Should the receiver also 
have variable i-f bandwidth control, so much the bet¬ 
ter. The third special consideration is mechanical 
rigidity and front-panel layout. 

I gave items such as sensitivity, image and i-f rejec¬ 
tion secondary consideration, mostly because, in to¬ 
day's competitive market, solid-state circuits have al¬ 
most universally forced to the fore good designs. The 
better high-frequency transceivers all seem to have 
more than enough sensitivity and, instead, become 
limited by atmospheric and manmade noise when in 
actual use. 
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HANDHELDS 
UHF V 

• TEMPO S-4 • ICOM IC-2AT 

• YAESU FT-708R • YAESU FT-208 • TEMPO S4T&‘ 

• SANTEC ST-7T 

UHF & VHF BASE STATIONS 

• ICOM IC-451A. IC-251A, IC-25A, 1C-290. & 1C-224 

• YAESU FT-720RVH, FT-720RU, FT-480, & FT-780R 

HF TRANSCEIVERS 

• YAESU FT-707, FT-902DM, FT-107, & FT-10120 MK1I 

• CUBIC Astro Diplomat 150-STATION IN A SUITCASE 

• ICOM IC-720A & IC-730 

• DRAKE TR-7 with DR-7 

AMPLIFIERS 

• DRAKE L7&L75 

• ALPHA 76CA — 3 ceramic tubes, high load transformers 
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1430-440 MHz. Full lir ' 


174 MHz 25W, 210-240 MHz 15W, and 4f 
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| (spANni * mmmm The Export Experts Invite Overseas orders 
' -We ship Worldwide 

BARRY ELECTRONICS 

512 BROADWAY 
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TECHNIQUES 


One of the nicest aspects of 
writing for ham radio is the in¬ 
teresting mail I receive. There's 
always something new in antennas, 
and this column is partially devoted to 
unusual antenna designs sent to me 
by other Amateurs. Let's start with 
an interesting 2-meter antenna from 
"down under." 

the SLY beam 

The SLY (Suspended Long Yagi) 
beam for 2 meters was developed by 
VK4ALE (now a Silent Key) and 
described in a recent issue of 
Amateur Radio, the excellent journal 
of the Wireless Institute of Australia. 
Briefly, the SLY beam is an inexpen¬ 
sive, portable Yagi antenna for Field 
Day operation. A plan view of the 
SLY antenna is shown in fig. 1. The 
supporting structure is made of two 
spreaders between which lengths of 
Dacron line are strung. (Nylon line 


should not be used because it 
stretches and causes the antenna 
to sag. It is also expensive.) 

The Yagi elements are spaced 
along the two lines as shown and are 
held in position by small elastic rings 
cut from neoprene tubing (or similar 
dielectric material). The elements can 
be slipped into position and adjusted, 
as the rings provide a positive grip to 
the line yet permit easy movement of 
the element if required. 

The two lines are attached to 
wooden spreaders, which are sus¬ 
pended in position with rope halters. 
The beam is pulled up into position 
between two fixed points and the 
halter ropes tied off. 

Number of elements and feed sys¬ 
tem? Well, VK4ALE used 20, 25, and 
30 elements at various times and even 
tried 32 elements—the overall length 
of the Yagi being about 75 feet (23 
meters). Measurements on the 32- 


element job indicated a power gain of 
about 21 dB over a dipole, and the 
measured beam pattern at a distance 
of 200 miles was 35 miles wide (322 
and 56 meters respectively). Not bad 
performance for an inexpensive, por¬ 
table antenna. 

One-eighth-inch (3-mm) aluminum 
tubing is suggested for the elements, 
or aluminum clothesline wire can be 
used. Element lengths and spacings 
used by VK4ALE are given in fig. 1, 
or Yagi dimensions provided in the 
various publications 1 ' 2 can be used. 
Any of the common feed systems are 
applicable. 

VK4ALE suggests that the com¬ 
pleted beam be rolled up on a 
lightweight drum or cylinder for ease 
of transport, otherwise problems may 
be encountered in unravelling the 
assembly. 

help for the beginner? 
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Alas, life grows more complex, 
even against our best intentions. 
VK5EK brings our attention to that 
particular folly in his letter to the 
editor published in a recent issue of 
Amateur Radio. Al speaks about a 
low-power, solid-state transmitter 
design, similar to the one shown in 
chapter 6 of ARRl Handbook. 

Al says, "If we are trying to over¬ 
come the 'black box' syndrome by in¬ 
ducing people to build their own 
equipment, then we will maximize 
our chances of success by presenting 
simple, cheap projects. 

"Good applied engineering is con¬ 
cerned primarily with securing a 
stipulated design objective in the 
simplest and cheapest manner. 

"Your 5-watt CW transmitter fails 
dismally in this regard, and is a stun¬ 
ning example of solid-state tech¬ 
nology gone berserk. 

"I present an alternative circuit 
which will do the same job (fig. 2). 
Your circuit has about 100 com¬ 
ponents, mine has fewer than 25. 
Most of your components would be 
purchased new; most of mine can be 
salvaged from an old black and white 
TV set (save the crystal and plate¬ 
tuning capacitor). I could build mine 
from scratch and have it working in 
one hour if I set my mind to it, or I 
would take two or three hours if I 
wanted a pretty appearance. Yours 
could hardly be built in less than four 


or five nights. You price yours at $50 
(including crystal). I price mine at nil 
cost (excluding crystal and assuming 
a modest junk box). 

"Your rig has a VXO and the capa¬ 
bility for battery operation, which 
mine does not; but mine will readily 
work into any standing-wave ratio. 

"Solid-state technology affords 
commercial manufacturers cheap, 
large-scale production and it is ideally 
suited to logic and nonlinear applica¬ 
tions. But for transmitters, trans- 
verters, receivers and converters of 
practical simplicity, valves (tubes) re¬ 
main incomparably superior for one- 
of-a-kind, home-built projects." 

yesterday's technology 

An interesting viewpoint indeed' 

It is certainly true that tubes and 
old-time components, including de¬ 
funct television receivers, are readily 
available at flea markets. In fact, QST 
magazine has run several articles in 
the past on using TV components 
salvaged from old, defunct receivers 
to build ham gear. And it is also true 
that some circuits can be built more 
inexpensively and quickly using tubes. 

However, VK5EK misses one im¬ 
portant fact of life that cannot be 
denied, and that is that the great ma¬ 
jority of today's Amateurs have been 
brought up in a solid-state world and 
vacuum-tube technology is alien to 
them. It may seem simple to old 


timers, but tube technology can be 
puzzling and obscure to many of to¬ 
day's younger Amateurs. Vacuum- 
tube technology is no longer taught 
in colleges, and information on tubes 
is rapidly disappearing from Amateur 
magazines and handbooks. So while 
VK5EK has a valid point in extolling 
vacuum-tube simplicity, he is talking 
to an audience that, sadly, is deaf to 
his plea. 

While I am on the soap-box, I 
might as well discuss another bite 
noire of Amateur Radio: amplitude 
modulation. A-m, or "ancient modu¬ 
lation" as it is derisively called by 
some, has largely disappeared from 
the Amateur bands. That allows a 
great improvement in spectrum con¬ 
servation, and the loss of heterodyne 
interference between phone carriers 
is a tremendous step forward in im¬ 
proved communications ability. 

But an unwanted effect of side¬ 
band use is that amplitude-modu¬ 
lation techniques are largely 
unknown by today's Amateurs. How 
many recently licensed Amateurs 
have knowledge of a class-B plate 
modulation system? Or the more 
recently developed pulse-duration 
modulation technique? Or the various 
high-efficiency amplitude-modulation 
systems including grid modulation? 
Or the famous Doherty-modulated 
amplifier? 

Like it or not, a large percentage of 



fig. 1. The SLY (Suspended Long Yagi) array of VK4ALE has been built with as many as 32 elements. This compact, flexi¬ 
ble 2-meter beam is suspended from two Dacron* lines run between wooden spreaders. Directivity is to the right. All 
elements are held in position along the lines by rings cut from flexible Neoprene tubing. VK4ALE's dimensions are 
shown, but other refiebfe beam dimensions may be used. The driven element, DE, is fed by conventional means. 

•Any non-stretch line may be used. Editor 
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communication in today's world is 
carried on by amplitude modulation. 
You don't believe me? Then just tune 
across the broadcast band or the 
many shortwave broadcast bands. All 
of these signals are amplitude 
modulated. 

Banning amplitude-modulated 
signals from the Amateur bands 
might be a movement toward spec¬ 
trum conservation, but it would fur¬ 
ther restrict the Amateur's knowl¬ 
edge in an important technology that 
forms a large portion of today's com¬ 
munication world. Plenty of space ex¬ 
ists on 160, 10, and 6 meters for am¬ 
plitude-modulation equipment, and it 
would be unwise to ban this basic 
form of intelligence transmission 
from the world of Amateur Radio. 


a 5-band sloper antenna 

Here’s an antenna that works well 
on all bands. It was shown in The 
Canadian Amateur magazine 3 and 
designed by VE3CPU (fig. 3). 
Basically, it is one-half of a regular 
trap dipole antenna. A metal tower is 
used as a ground counterpoise. Only 
one trap is required, so a trap kit can 
be split with a friend who also wants 
to build this simple antenna. The 
antenna is fed with a coaxial line, the 
shield of which is grounded to the 
tower and the inner conductor is at¬ 
tached to the sloper wire. 

VE3CPU points out that the anten¬ 
na is quite directive on the higher- 
frequency bands, and swinging the 
bottom of the antenna about 90 
degrees makes a big difference in 


signal strength at a distant location. 
He estimates the power gain over a 
dipole to be about 2.5 to 3.0 dB on 
20, 15, or 10 meters. 

As with all slopers and multi-band 
antennas, adjustment of the length of 
the tip section may be required to 
resonate the antenna at the design 
frequency on 80 meters. 

radio-frequency 
interference (RFI) 

RFI! It's hell if you have it. It can 
ruin your enjoyment of Amateur 
Radio by interfering with television 
and radio reception, disrupting com¬ 
munication circuits, causing false 
beats in electronic heart pacers, and 
by causing all other manner of equip¬ 
ment malfunction. Radio Amateurs 
are at once the cause and victim of 
RFI, as are CBers and all other users 
of electronic equipment. 

Look at these numbers. In the 
United States in 1980 there were 
more than: 

• 8,200 broadcast and fm stations 

• 970 television stations 

• 15,000,000 CB transmitters 

• 360,000 Amateur Radio stations 

• 210,000 aviation transmitters 

• 7,800 radar transmitters 

• 300,000 industrial radio transmitters 

• 115,000 police and fire department 
radio transmitters 

• 36,000,000 two-way portable radio 
transceivers plus millions of micro- 
wave ovens. X-ray machines, electric 
motors, light flashers and dimmers, 
welding machines, neon signs, dia¬ 
thermy machines, plastic formers, in¬ 
dustrial welders, and so on. 

And that's not all. Radio and tele¬ 
vision receivers themselves can cause 
objectionable RFI! The problem is that 
all radio receivers, transmitters, and 
pieces of electronic equipment are 
potential sources and victims of RFI. 
Anything run by electricity can cause 
RFI. 

No wonder that electronic bedlam 
surrounds us, and it is a wonder that 
anybody can hear anything on the 
radio or see anything on television 
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considering the vast number of 
interference-generating devices in 
our environment. 

the sources of RFI 
and the vfctfm 

Remember, all cases of RFI involve 
two things: the source of the in¬ 
terference and the victim of the in¬ 
terference. For a complete cure of 
RFI, the interference must be sup¬ 
pressed at the source and the victim 
(the receiver, stereo equipment, or 
whatever) must be protected, or 
otherwise modified in such a way as 
to reject the interference. This is a 
large order, and little is being done to 
solve the growing problem. Informa¬ 
tion about RFI and its cures is hard to 
come by, RFI sources are obscure, 
and a lot of misinformation com¬ 
pounds an otherwise complex prob¬ 
lem. 

the RFI investigator 

In recent years a whole new in¬ 
dustry has grown up, largely un¬ 
known to most Radio Amateurs: the 
investigation and suppression of RFI. 
Electromagnetic compatibility studies 


and control standards have been 
created, largely by the military, to 
safeguard their communications cir¬ 
cuits. Courses are available on elec¬ 
tromagnetic compatibility and a new 
career opportunity — that of RFI in¬ 
vestigator — has opened up for 
select, knowledgeable individuals. 
The job of the investigator is to in¬ 
vestigate RFI complaints, track the in¬ 
terference to its source and resolve 
the problem. Only a handful of RFI in¬ 
vestigators are at work in the United 
States today. 

One of the pioneers in this field 
is a Radio Amateur, Bill Nelson, 
WA6FQG, who is well known nation¬ 
wide for his extensive work in RFI in¬ 
vestigation, encompassing over two 
decades of experience. During his 
long career, WA6FQG has tracked 
down countless sources of RFI and 
has lectured to Amateur and CB 
clubs and conventions on the causes 
and cures of RFI. Bill is now a consul¬ 
tant to power utilities on RFI prob¬ 
lems, including RFI suppression and 
training of RFI investigators. 

Just recently Bill completed an all- 
inclusive handbook on RFI, which 


covers the subject in detail.* It is an 
indispensable reference for all Radio 
Amateurs, CBers, and the everyday 
citizen troubled by RFI. 

I've personally known WA6FQG 
for many years and have been greatly 
interested in his career in this unique 
work. And I have helped him arrange 
his handbook and get it published. 
It's now ready — over 240 pages of 
valuable information dealing with all 
facts of RFI. 

An advance copy of the Interfer¬ 
ence Handbook was sent to Barry 
Goldwater, K7UGA, (U.S. Senator 
from Arizona and Chairman, Senate 
Communications Subcommittee). 
After reading the book, Barry said, 
“This informative handbook covers 
the entire field of RFI from A to Z. It 
will be a tremendous help to me and 
my staff as we work on communica¬ 
tions legislation in Congress. Thanks 
for your help in this matter." 

Another accolade for the new In¬ 
terference Handbook came from 
David Fogarty, Senior Vice President 
of Southern California Edison Com¬ 
pany. He said, "Written by a power- 
company investigator with 33 years 
of experience, this book is a reliable 
guide to the causes and cures of 
power line interference . . . contains 
absorbing case histories." 

So there you are. Perhaps this new 
handbook will help you with your RFI 
problems. As I said before, RFI is hell 
if you have it. And if you don't have it 
today, chances are you will have it 
tomorrow! 


*Interference Handbook, by William R. Nelson, 
WA6FQG; Editor William I. Orr, W6SAI; 247 pages; 
$8.95 plus $1.00 shipping - available from Ham 
Radio's Bookstore, Greenville, New Hampshire 
03048. 
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add-on selectivity 

for 

communications receivers 


A new audio filter design 
featuring sharper cutoff for ssb 
and better skirt selectivity 
for CW 

The message of this article is that really effective 
audio filtering can work wonders to improve the per¬ 
formance of today's high-frequency receivers. First, 
however, we must consider just what the problems 
are that have to be solved. 

A fact of life in high-frequency communications 
today, especially on the Amateur bands, is conges¬ 
tion. The problem is probably most acute for Ama¬ 
teur SSB transmissions. For a number of reasons, 
ranging from changing propagation conditions to 
sheer congestion, it's rare for an SSB station to have 
an undisturbed channel for long. 

SSB interference 

Normally, one SSB signal overlaps to a greater or 
lesser extent with others. The overlap can vary all the 
way from two stations being on identical frequencies 
to a medium overlap, where the off-tune interfering 


station causes characteristic high-pitched "monkey 
chatter." This can be either in the background or the 
foreground, depending on the relative strengths of 
the desired and undesired signals. Off-tune interfer¬ 
ence on the other side of the passband similarly 
causes a low-pitched version of monkey chatter. 
Other interference frequently encountered during 
SSB operation includes overlap with out-of-band 
intermodulation products (splatter) from over-driven 
and hence nonlinear SSB power amplifiers, single 
heterodyne whistles, CW and RTTY transmission, 
and broadcast stations operating in Amateur bands 
(particularly on the 40-meter band). Other kinds of 
strange noises come and go, ranging from the notor¬ 
ious Russian woodpecker to common interference 
from local electrical equipment. 

CW interference 

The effect of congestion on CW Morse code trans¬ 
missions is similar in the sense that all the same inter¬ 
ference sources are common. A difference is that 
CW transmissions don't actually overlap each other 
to any noticeable extent (sending speeds are low 
enough that sideband spread is very slight). On the 

By Dr. D. A. Tong, G4GMQ, Datong Electron¬ 
ics Limited, Spence Mills, Mill Lane, Bramley, 
Leeds LS13 3HE, England 
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fig. 1. Solid curve shows frequency band (A to C) oc¬ 
cupied by desired signal. The dashed curve represents 
the band occupied by a partially overlapping interfering 
signal. For optimum separation of the two signals, the 
receiver should accept only signals between A and B, 
and the cutoff at frequency B must be as sharp as pos¬ 
sible. Point A' is the distance that the lower cutoff, A, 
would move in so-called passband tuning (see text). 


other hand, congestion causes the separate CW 
transmissions to be very close together and spacings 
of 200 Hz and less are not uncommon. 

Users of other less-common transmission modes, 
such as radioteletype (RTTY) and slow-scan televi¬ 
sion (SSTV), are also affected by the same interfer¬ 
ence sources and are possibly even more vulnerable 
since the raw data is not prefiltered by the human 
brain before its message content is processed. 

Another important source of interference is pulse 
noise, typically from car ignition systems, but this 
will not be considered further here since noise-blank¬ 
ing systems handle this kind of interference very 
effectively. 

From the discussion above we can distinguish the 
following separate interference situations: 

1. Broadband interference affecting a broadband 
transmission. 

2. Narrowband interference affecting a broadband 
transmission. 

3. Broadband interference affecting a narrowband 
transmission. 

4. Narrowband interference affecting a narrowband 
transmission. 

Each of these four cases requires different coun¬ 
termeasures if the receiver is to give the best possible 
separation of desired from undesired signals. Let's 
now consider these requirements in turn. 

case 1 — broadband signals, 
broadband interference 

This situation presents the most difficult problem 
and is typified by an SSB speech signal with other 
off-tune SSB signals superimposed. The situation 


can be represented as in fig. 1, in which the solid 
curve shows the typical frequency band occupied by 
the wanted signal, while the dashed line shows that 
of an interfering signal. Clearly, the amount of inter¬ 
ference experienced will depend on the receiver 
bandwidth. The distance from A to C represents the 
normal receiver bandwidth (typically 2.1 kHz). If the 
bandwidth were reduced to AB, then all the interfer¬ 
ence would be eliminated with only slight effect on 
the desired signal. 

To obtain maximum benefit from a bandwidth 
reduction under these conditions, it's essential that 
the cutoff at the edge of the passband be very sharp. 
A slow cutoff would give a greater reduction in the 
wanted signal for a given reduction in the interfering 
signal. A cutoff at least as sharp as that of a multi¬ 
pole crystal filter is desirable. 

An alternative to merely shifting the upper cutoff 
frequency of the filter passband (that is, C to B as 
above) is to shift the whole filter passband. This is 
the so-called i-f shift, or passband tuning technique. 
Then, if the upper cutoff point moves from C to B, 
the lower cutoff would move an identical distance 
(that is, A to A' in fig. 1). This will remove the inter¬ 
fering signal; but it will also allow signals on the other 
side of the desired signal to enter the passband. 
Since the desired signal will normally have interfer¬ 
ence on both sides, i-f shift is only a partial solution. 

We conclude, therefore, that for receiving broad¬ 
band signals in the presence of broadband noise we 
need: 

1. Independently adjustable upper and lower cutoff 
frequencies. 

2. Very steep sides to the overall response curve — at 
least as steep as those in SSB-type crystal filters and 
preferably steeper. 

case 2 — broadband signals, 
narrowband interference 

Here the typical example is SSB reception in the 
presence of a loud whistle. If the frequency of the 
whistle is near the edge of the desired audio frequen¬ 
cy response, a filter of the type discussed in the pre¬ 
vious section can be used. However, if the whistle is 
near the middle of the audio band, decreasing the 
upper cutoff frequency (or increasing the lower one) 
will remove the whistle — but will also eliminate too 
much of the desired signal. 

A better solution here is to use a notch filter. This 
is a filter that passes all frequencies except a narrow 
range centered on the notch frequency. By moving 
the notch until it coincides with the undesired whistle, 
the latter can be removed without significantly 
affecting the desired signal. 
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The conclusion is, therefore, that we need a nar¬ 
row-bandwidth notch filter whose center frequency 
can be tuned over the full receiver bandwidth. A self¬ 
tuning notch filter designed especially for this pur¬ 
pose, the Datong Model Fll, has been described 
(reference 1). 

case 3 — narrowband signal, 
broadband interference 

The narrower the desired signal, the easier it is to 
filter it from broadband interference. Consider, for 
example, two transmissions with equal peak power. 
One is a CW signal; the other a SSB speech signal. 
The energy in the latter is, on average, spread over a 
bandwidth of typically 2.4 kHz (the so-called speech 
bandwidth), while that in the former is concentrated 
on one frequency (assuming normal sending 
speeds). If the CW signal is passed through a filter of 
200-Hz bandwidth, all of the CW signal will pass 
through, but only 200/2400, or one twelfth, of the 
SSB signal will emerge. 

Now, if the bandwidth is then narrowed to only 50 
Hz, the ratio becomes 1:48. The point is that, provid¬ 
ed the bandwidth reduction does not encroach on 
the frequency components in the desired signal, a 
continuous improvement in signal-to-noise ratio will 
result as the bandwidth is reduced. 

In the case of CW signals, the minimum usable 
bandwidth depends on the sending speed. Reducing 
the bandwidth increases the rise and fall times of the 
dots and dashes. When these rise and fall times 
become comparable to the duration of a dot, the 
dots merge into each other and the signal becomes a 
blur. At typical sending speeds this blurring effect 
does not cause problems until the bandwidth is 
below 50 Hz, so that, compared with a receiver using 
a SSB-width filter (say, 2.4 kHz), an improvement 
approaching 50 to 1 is practicable through bandwidth 
reduction. This is why a good CW filter can easily 
retrieve a CW signal that's almost buried in a SSB 
signal when listening using only the SSB filter. 

case 4 — narrowband signal, 
narrowband interference 

The most common example of this condition is 
two closely spaced CW signals. Any of the filtering 
methods described so far are suitable in principle. For 
example, a wide passband could be used but posi¬ 
tioned to just cut off the undesired signal; or a notch 
filter could be used to remove it. However, condi¬ 
tions seldom remain constant for more than a few 
seconds, and one interfering signal can soon be joined 
by many others. Because of this problem, it's con¬ 
venient to use a narrowband filter centered on the 
signal of interest. Some operators prefer to use a 


passband with a pointed top, while others may prefer 
a more rectangular shape. The latter can be useful in 
net operations where not every station is exactly on 
the correct frequency. 

Also subject to personal preference is the question 
of skirt selectivity. Some operators prefer to hear on¬ 
ly the signal of interest (that is, single-signal recep¬ 
tion); others prefer to have some indication of what 
is present on adjacent frequencies. 

Before summarizing the requirements for a CW fil¬ 
ter, we must consider the question of how the filter is 
controlled. For SSB reception, separate adjustment 
of the upper and lower cutoff frequency is desirable. 
For CW reception, this is not ideal. It's much better if 
the center frequency of the passband and the pass- 
band width can be separately and smoothly varied 
and in such a way that the two controls do not inter¬ 
act. Thus one should be able to select a particular 
bandwidth and move this constant-width window to 
any point in the overall receiver passband. Because 
of the very wide range of conditions that are likely to 
be encountered, CW filters having continuous adjust¬ 
ment are far more effective and pleasant to use than 
those with a limited number of switched settings. 

In summary, for CW reception the following fea¬ 
tures are desirable: 

1. The receiver bandwidth should be continuously 
and independently adjustable in width and center fre¬ 
quency. 

2. The filter pass-band shape should be selectable 
between flat and peaked. 

selectivity at i-f or af? 

Conventionally, most of the selectivity in a receiver 
is concentrated at the intermediate frequency (i-f). 
This is a matter of practical convenience. It's easier 
to make an effective high-frequency filter if its fre¬ 
quency is fixed, and this is why the superheterodyne 
receiver rapidly superseded the tuned-radio-frequen¬ 
cy (TRF) type. 

Provided a receiver is linear throughout, the overall 
selectivity is the product of all the separate sections 
in the system. Thus, in a SSB/CW receiver all stages, 
including the final detector are, in theory at least, 
linear; and the selectivity could be located in the rf, 
i-f, or audio sections with equal effect. In practice, 
however, it's desirable to have as much selectivity as 
possible as near to the input as possible. This is 
because real circuits, especially mixers, are not per¬ 
fectly linear, and strong unwanted signals can com¬ 
bine to form mixing products that can interfere or 
obscure the desired signals. 

In most modern receivers, a good filter is used at 
the i-f, and an automatic gain control system is used 
to control the gain ahead of the main filter to avoid 
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overload effects. This means that extra selectivity 
can be placed at any point in the receiver system 
after the main filter without running into problems 
caused by overload. Thus, by taking advantage of 
the protection afforded by a good SSB crystal filter 
and good AGC, an audio filter can be used very suc¬ 
cessfully at the output of a receiver. If the audio fil¬ 
ter's bandwidth is less than that of the main filter, the 
overall receiver bandwidth will then be controllable 
by the audio filter. 

is audio filtering really as 
effective as i-f filtering? 

The short answer to this question is yes, whenever 
a product detector is in use (for example, for CW, 
SSB, RTTY, or a-m received as SSB). When a linear 
detector is used (that is, a product detector), selec¬ 
tivity after the detector is exactly equivalent to selec¬ 
tivity before the detector. So that, for example, if 
you wish to separate two signals of slightly different 
frequency you could do it equally well before or after 
such a detector. On the other hand, when the same 
signals are processed by an envelope detector (as for 
normal a-m), the two signals emerge mixed with sum 
and difference products. Thus, although very useful 
results are obtained, a complete separation is not 
possible using filtering after an envelope detector. 

One other difference between pre- and post-detec¬ 
tor filtering is that in the latter case the bandwidth of 
the receiver as presented to the AGC circuit is wider 
than the overall bandwidth. This means, for exam¬ 
ple, that if you are selecting one CW signal from the 
receiver's output using a narrow audio filter, another 



Datong's Model FL2 contains three linearly voltage- 
tuned filters: a five-pole elliptic function lowpass. a 
similar highpass. and a two-pole peak or notch. The 
three filters can be tuned independently with separate 
knobs, or ganged to simulate a bandpass filter with in¬ 
dependent center frequency and bandwidth controls. 
Precise tracking by all twelve poles of filtering is 
achieved by using pulse-width modulation techniques 
to simulate twelve identical voltage-controlled re- 



The Datong Model FL1 audio filter, as well as being a 
variable CW filter with noninteracting center frequency 
and bandwidth controls, can also automatically locate, 
track and notch out single interfering heterodynes. It 
continually searches from 300 to 3000 Hz and needs 
only about two seconds to achieve lock. Notch band¬ 
width in the AUTO mode can be only 20 Hz. The notch is 
therefore inaudible while searching. 


stronger signal inside the receiver's i-f passband 
could cause the apparent strength of the desired sig¬ 
nal to vary due to AGC action. The effect causes no 
particular problem, however, since even when it 
does occur it sounds very similar to fading caused by 
normal propagation effects. 

a new audio filter design 
for communications receivers 

We have discussed the basic filtering requirements 
for communications receivers and have established 
that conventional SSB crystal filters by no means rep¬ 
resent the last word in performance capability. We 
have also established that extra selectivity can be 
conveniently and effectively added to a receiver in its 
audio output circuit. 

We now discuss a new audio filter design, Model 
FL2, which has recently been introduced by Datong 
Electronics Limited specifically to improve existing 
communications receivers in the ways already out¬ 
lined. Model FL2 contains three quite complex and 
independent active audio filters. Each is tuned by a 
control voltage, and the linear frequency versus volt¬ 
age curves are accurately matched to allow ganged 
operation. The filters comprise: 

1. A five-pole elliptic-function lowpass filter. 

2. A five-pole elliptic-function highpass filter. 

3. A two-pole filter with independent peak and notch 
(that is, band-pass and band reject) outputs. 


44 QB November 1981 





Five pushbutton switches select any of the various 
operating modes previously discussed. The switches 
connect the three filters in the correct combinations 
and also determine how the three filter control volt¬ 
ages are to be derived from the three panel controls. 

Each filter is built from state-variable multiple op 
amp subsections using 1 percent metal-film resistors 
and polystyrene capacitors. Such filters have excel¬ 
lent immunity to variations in the active elements. 
This, and the precision passive components, give 
good tracking capability and long-term stability. A 
total of twenty-two op amps are involved in the filter 
sections, and an additional six op amps are involved 
in the control functions. 

The nominal over-all gain of the filter is unity, and 
a 2-watt audio power stage is included. This means 
that the complete filter can be easily installed 
between the loudspeaker and audio output stage of 
existing receivers. Altogether, the system uses 
twenty-one integrated circuits, most of which con¬ 
tain multiple functions. 

performance details 

The five-pole elliptic-function low and highpass fil¬ 
ters were designed to have a minimum stop-band 
rejection of 40 dB. Each filter has two frequencies of 
infinite attenuation in the stop-band. If the filter cut¬ 
off frequency (that is, the -1 dB point) is given by 
fC, then for the lowpass filter the infinite attenuation 
frequencies are at 1.29 fC and 1.85 fC\ and for the 
highpass filter they are at 0.55 fC and 0.78 fC. Simi¬ 
larly the -40 dB points on the filter responses are 
reached at 1.25 fC for the lowpass and 0.8 fC for the 
highpass. 

These filter responses are illustrated in fig. 2A, 
which shows the calculated response for high and 
lowpass filters in cascade, with cutoff frequencies at 
500 Hz and 2500 Hz respectively. In both cases it is 
clear how the closeness of the first null response to 
the cutoff frequency gives a high rate of cutoff. 

At a cutoff frequency of 2 kHz, for example, the 
rate of cutoff is 40 dB in 500 Hz for the lowpass filter. 
Similarly, if the highpass filter is set to a cutoff fre¬ 
quency of 500 Hz, the rate of cutoff below 500 Hz is 
40 dB in only 100 Hz. For comparison, commercial 
SSB crystal filters tailored to good-quality Amateur- 
band communications receivers have typical rates of 
cutoff of 40 dB in 600 Hz. Model FL2 therefore has an 
appreciably sharper cutoff than typical SSB crystal 
filters. 

application to SSB reception 

When the SSB button is pressed, the high and 
low-pass filters are connected into the circuit and 
their cutoff frequencies are independently controlled 
by the center and right-hand knobs respectively 



fig. 2. Theoretical response curves for Model FL2. 
These curves (and those in figs. 3. 4. and 5) were ob¬ 
tained by using an HP-85 computer to solve the com¬ 
plete transfer function for Model FL2. Actual produc¬ 
tion units give very similar results. This is demon¬ 
strated. for example, by the actual response curves 
measured by Gunter Schwarzbeck and published in his 
independent and very detailed test report in CQDL (see 
reference 2). All three graphs have the lowpass filter 
set to 2500 Hz and the highpass to 500 Hz. A shows the 
response in SSB mode. B shows response in 
SSB + NOTCH mode with notch set to 1500 Hz. and C 
shows response in SSB + PEAK mode with same knob 
settings. 


(photo). The tuning range for each filter is 200 to 
3500 Hz, so that any desired bandpass characteristic 
can be obtained with the same general shape as that 
of fig. 2A. 
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When the SSB + NOTCH button is pressed, the 
high and lowpass filters behave in the same way; but 
in addition, the notch filter is connected in series and 
can itself be independently tuned by the left-hand 
knob over the same range of 200 to 3500 Hz. The 
notch width is fixed at 200 Hz at the - 6 dB point and 
remains constant as the notch frequency is varied. 
An example of this mode is shown in fig. 2B. 

Tuning a notch to a weak heterodyne can be diffi¬ 
cult, and in such cases SSB + PEAK can be select¬ 



fig. 3. Three examples of the response in the CW mode. 
In this mode the response is a superimposition of two 
curves, one as in fig. 2A and the other as in fig. 2C. 
Note the center response and extremely good skirt re¬ 
jection. 


ed. In this mode, the peak output from the notch/ 
peak filter is selected, and the filter can then easily be 
tuned onto the unwanted whistle. The 6-dB band¬ 
width in this mode is 200 Hz. After tuning onto the 
whistle, SSB + NOTCH would be reselected. The 
SSB + PEAK response corresponding to fig. 3B is 
shown in fig. 2C. 





fig. 4. Three examples of the response in the CW(2) 
mode. The control settings correspond to those in fig. 
3; and, in fact, the responses in fig. 3 are those of fig. 4 
combined with the response of a two-pole peaking fil¬ 
ter (as in fig. 20. Note the relatively square passband. 
These curves are also typical of those obtainable in the 
SSB mode (but of course using different knob settings). 
Note also the two-notch stop-band responses charac¬ 
teristic of the five-pole elliptic function filters. 
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The SSB mode would also normally be the correct 
choice for a-m and fm reception and possibly also for 
SSTV. It could, of course, also be used for any other 
mode such as CW and RTTY, but a more convenient 
tuning method is provided for these modes as 
described in the next section. 

application to CW 
and RTTY reception 

Two CW modes are provided. They differ primarily 
in the shape of the response curves. Common to the 




fig. 5. Responses obtained by selecting the RTTY mode 
but with the same knob settings as in fig. 4. The center 
notch width varies in sympathy with the overall band¬ 
width setting. 


two CW modes is that the high and lowpass cutoff 
frequencies are controlled by analog circuitry to sim¬ 
ulate a composite bandpass filter whose center fre¬ 
quency and bandwidth are independently control¬ 
lable. In these modes the center knob controls the 
center frequency from 200 to 3500 Hz, and the right- 
hand knob controls the bandwidth from 100 to 1750 
Hz. As the center frequency is varied, the bandwidth 
remains constant; and similarly, the center frequency 
is independent of the bandwidth (subject always to 
the condition that the lower cutoff frequency can 
never go lower than 200 Hz and the upper cutoff fre¬ 
quency cannot exceed 3500 Hz). 

To prevent confusion in panel markings, those 
which apply only to tuning of the type just described 
are printed in yellow, while those referring to 
SSB-type tuning or to both are in white. 

The main CW mode is selected by pressing the 
CW button. This connects the two-pole peaking fil¬ 
ter in series with the high and lowpass filters. The 
bandwidth of the peaking filter is ganged with the 
separation between the high and lowpass cutoff fre¬ 
quencies, and both are controlled by the bandwidth 
control (right-hand knob). 

Composite response curves are illustrated in fig. 3, 
which shows the overall responses at skirt band- 
widths of 100, 500, and 1750 Hz. In all cases a domed 
center response is combined with extremely good 
far-out stop-band rejection. The domed center 
response makes it easy to tune a CW signal to the 
center of the filter passband, since one merely tunes 
for maximum signal. The bandwidth can then be 
widened or narrowed symmetrically about the signal 
as desired without the need to retune. The 6-dB 
bandwidth varies from 70-700 Hz as the skirt band¬ 
width moves between its extreme values of 100 and 
1750 Hz. 

This passband shape is considered optimum for 
most CW reception, but an alternative, CW(2), is 
provided by simultaneously pressing the two buttons 
CW and SSB. The high and low filters are then con¬ 
trolled as in CW, but the peaking filter is discon¬ 
nected. The result is a rectangular response shape 
exactly as obtained in the SSB mode; but since it is a 
"yellow" mode, the filters are still controlled by the 
center frequency and bandwidth controls. This effect 
is shown in fig. 4 for the same control settings as for 
the CW curves. The CW(2) mode is especially suit¬ 
able for use with CW nets or for RTTY reception. 

A third "yellow"-mode RTTY is obtained by press¬ 
ing both CW and SSB + NOTCH buttons. Here the 
filters are controlled in the same way as for the CW 
mode, but the two-pole filter is now used as a notch 
filter, and the notch width is ganged with the band¬ 
width function. The result is the passband shape 
shown in fig. 5. This is suitable for wide-deviation 
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RTTY signals — the central notch giving increased 
immunity to interference. 

other features 

When using Model FL2 it is interesting to be able 
to determine the improvement due to the filter by 
comparing the signal before and after filtering. Once 
a desired filter mode is selected, by simultaneously 
pressing the two buttons SSB + PEAK and SSB, 
only the high and lowpass filters are left in circuit, 
and their cutoff frequencies are held at their lower 
and upper limits respectively. In other words, the 
bandwidth is expanded to maximum, and the effect 
is virtually equivalent to no filtering when used with 
normal communications receivers. Alternatively, 
when the OFF button is pressed the input signal is 
connected straight through to the output terminal, 
and power is removed from the filter. Since the over¬ 
all gain is unity, no changes to volume level will be re¬ 
quired. 

A front panel headphone jack is included on the 
FL2; the loudspeaker output terminal is disconnected 
when phones are used. A second output connector 
is also included to allow a tape-recorder connection. 

closing remarks 

It is traditional that most passband shaping in com¬ 
munications receivers be carried out by the i-f filter. 
However, now that virtually all communications 
receivers feature good basic selectivity, effective 
AGC, and linear product detectors, it makes good 
sense to perform final bandwidth shaping in the 
receiver's audio section. Model FL2 was designed to 
take full advantage of this situation and offers a ver¬ 
satility of performance that would be very difficult to 
achieve at i-f. Yet, since it is an audio filter, it can be 
retrofitted to any existing receiver without any inter¬ 
nal connections required. 

Compared with previous audio filters. Model FL2 
gives far sharper cutoff for SSB and better skirt selec¬ 
tivity for CW. This results from the comparatively 
large number of filter sections — twelve — all of 
which track precisely together to maintain the 
desired elliptic function response. Previous filters 
approaching this level of complexity have not been 
freely tunable, while previous tunable filters have 
been restricted to only relatively few sections. 
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interesting preamplifier 
for 144 MHz 

What's so interesting about this 2- 
meter preamp? It doesn’t have the 
lowest noise figure of any of the 2- 
meter preamps I've tested. It doesn't 
have the highest gain, although it has 
more than enough gain for any practi¬ 
cal application. And it doesn't have 
the sharpest bandpass characteristic, 
although it's better than many other 
low-noise preamplifiers. 

The interesting feature of this pre¬ 
amp is that it combines low noise fig¬ 
ure, reasonable gain, and good band¬ 
pass characteristics with low cost. 
The NE73437 bipolar transistor (Q1, 
fig. 1) sells for only $1.75 (in 1-9 
quantities), and the entire preamp 
can be built for under $10. 

performance 

The schematic is shown in fig. 1; 
the layout in fig. 2. Specifications, 
when tuned for minimum noise 
figure, are: 

1. Noise figure, 1.0 dB. 

2. Forward gain, 22 dB. 

3. Reverse gain, 40 dB, with a gain 
margin (reverse gain minus forward 
gain, a measure of stability) of 18 dB. 

The gain response (bandwidth) is 
shown in fig. 3. Note the expanded 
plot showing the region between 140 
and 150 MHz. Overload and inter¬ 
modulation characteristics are shown 
in fig. 4. 

My experience has been that the 
first stage of a receiver is almost 
never overloaded (except in very spe¬ 
cial and rare situations, which most 
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of us never have to worry about), and 
that a -1 dB point, P_i, of -20 
dBm of input power, with a third- 
order intercept point at I 3 of 18 dBm 
is, at least, adequate for most sta¬ 
tions. The gain and noise figure of 


this preamplifier are good enough for 
all but moonbounce work, in which 
situation this unit makes an excellent 
second stage. You can use several 
feet of coaxial cable between first and 
second stages, and at least 100 feet 


of RG- 8 /U between this preamp as a 
second stage and a receiving convert¬ 
er without concern over insufficient 
gain or second-stage degradation of 
system noise. 




fig. 4. NE73437 preamplifier input/output and intermodulation response. 


construction 

A single-sided PC board layout is 
shown in fig. 2. Use good vhf wiring 
practices (short leads) and make sure 
a shield is used as shown; a shield 
box should also be used around the 
unit. 

The NE73437 is built in a plastic 
package, having a collector lead long¬ 
er than the pair of emitter leads to 
either side of it, or the base lead op¬ 
posite it. Make sure to solder both of 
the emitter leads to ground and to 
place the shield over the emitter 
leads, but only after soldering the rest 
of the components in place. No other 
special precautions were found to be 
necessary. 


tune up 

Connect a 12 Vdc source to the 
preamp and set the bias pot (R1) for a 
total preamp current of about 4 mA. 
Adjust C1,C2,C3 and C4, in any 
order, for maximum gain. If you have 
access to a noise generator setup, 
tweak Cl and C2 for lowest noise fig¬ 
ure. The weak-signal reception meth¬ 
od can also be used to tweak for best 
noise figure. The preamp can be mod¬ 
ified for use at 220 and 432 MHz. 

The device is available from Califor¬ 
nia Eastern Labs, 3005 Democracy 
Way, Santa Clara, California 95050 
(CEL supplied much appreciated data 
and samples for the prototype of this 
preamplifier). I will answer all ques¬ 
tions upon receipt of a self-ad¬ 
dressed, stamped envelope. 

Geoffrey H. Krauss, WA2GFP 
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up-conversion receiver 

for the 

high-frequency bands: part one 


Build it — try it out. 
Does it set a new standard 
for performance? 
You be the judge 



After a ten-year hiatus of little Amateur Radio 
activity, my S-line equipment started to look old 
when compared with the transceiver ads in the mag¬ 
azines. Surely, radios that looked this good must 
outperform my 20-year-old units. But which one to 
buy? With a well-equipped lab at my disposal, I de¬ 
cided to check out some available units. The results 
were generally disappointing, in my opinion. Except 
for third-order intermod performance, my old box full 
of tubes ran rings around the new solid-state units. 


One of the new units I checked out had a strong 
front end but lacked sensitivity, very poor AGC char¬ 
acteristics, and produced a lot of hum and noise if an 
external audio filter wasn't used. 

Another unit had excellent sensitivity, adequate 
overload characteristics, and good AGC; but synthe¬ 
sizer phase noise was excessive. 

A third unit had an excellent operating "feel" and 
sound for DXing and contesting but had a soft front 
end. 

A fourth unit wasn't considered for testing be¬ 
cause of its poor reliability, as reported by a number 
of owners. Little testing was performed on the trans¬ 
mitters, although two of the units had key clicks and 
one had a slight chirp on CW; also its ALC character¬ 
istic was poor. 

The digital readout and no-tuning features sold me 
on the solid-state rigs, but I couldn't decide on which 
compromise to make. So I constructed this receiver 
as a breadboard project to see if a full-blown trans¬ 
ceiver effort was feasible. By constructing this re¬ 
ceiver, I could concentrate on the basic performance 
characteristics and leave the frills for later, or leave 
them out completely. 

design 

The basic configuration is shown in fig. 1. Up con¬ 
version eliminates the need for tunable filters at the 
front end. With this conversion method, adequate 
image rejection can be obtained with a simple low- 


By George Cutsogeorge, W2VJN, Plasma 
Physics Laboratory, Princeton University, P.0. 
Box 451, Princeton, New Jersey 08544 
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pass filter. The input filters are followed by an rf 
stage. This stage may be switched in when high sen¬ 
sitivity is required, or it may be switched out when 
maximum resistance to overload is needed. The high 
sensitivity is useful on a quiet 10-meter band or when 
an inefficient antenna is used. 

An electronically variable attenuator between the 


rf amplifier and first mixer reduces the signal level for 
high-amplitude signals. The first mixer uses 17-dBm 
injection and provides a third-order intercept of 25 
dBm. The first i-f is at 45 MHz. A small amount of 
gain is inserted to maintain an adequate front-end 
noise figure. 

A monolythic crystal filter at 45 MHz protects the 
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second mixer from out-of-band signals. If good SSB 
and CW filters were available for 45 MHz, a second 
mixer wouldn't be necessary. This is not the case, 
however, so the main receiver selectivity is obtained 
at 3.J18 MHz in the second i-f. The second mixer is 
alscTa high-level mixer and is driven at 13 dBm. Crys¬ 
tal filters are readily available for many different 
bandwidths at 3.18 MHz. A pair of MC1590s provide 
more than enough i-f gain and AGC range. 

A 7-dBm drive-level, double-balanced mixer is 
used for the product detector. An audio amplifier 
completes the signal-path circuit. AGC voltage is de¬ 
rived from the audio signal and controls the second 
i-f amplifier gain and the front-end attenuator. A 
hang-type circuit is used. 

Main receiver tuning is accomplished with a 5-MHz 
VFO. A 45- to 75-MHz VCO is phase-locked to the 
VFO in one-half megahertz bands. The VFO is hetero¬ 
dyned with a crystal oscillator operating 5.05 MHz 
below the minimum injection frequency required for 
the selected band. 

For example, to cover the 7.0- to 7.5-MHz band 
the injection frequency must be 45.0 MHz higher, or 
52.0 to 52.5 MHz. The crystal frequency required 



Top View of receiver removed from its cabinet. The front 
and rear panels may be swung away from the main assem¬ 
bly for maintenance. Most modules above the deck are built 
in miniboxes. The large box houses the VFO, VCO. and phase 
detector board. On the left is the front panel showing the 
display module and the various controls. On the right is the 
rear panel holding the 45-MHz crystal filter, the first mixer 
and the BFO modules. At the top center are the second mix¬ 
er. 48.18-MHz oscillator and 3.18-MHz amplifier modules. 
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Bottom view of receiver with shields removed. Small board 
in the upper left is the rf preamplifier. To its right is the filter 
board. On the right side is the crystal-oscillator board, and 
in the lower left is theaudio-AGC board. All except the audio 
board are normally covered with aluminum shield boxes. 

would be 46.95 MHz. The second-mixer injection is 
provided by a 48.12-MHz crystal-oscillator signal. 
Switching is incorporated to move the frequency to 
either 1.2 kHz or -1.2 kHz for upper- or lower-side- 
band selection. The BFO provides 3.18 MHz ±1.2 
kHz for the product detector, and the switching is 
ganged with the 48.12-MHz crystal oscillator. A digi¬ 
tal counter that subtracts 450,000 from the measured 
frequency monitors the VCO and provides a digital 


table 1. Measured performance characteristics of the up- 
conversion receiver. 


frequency preamp preamp 

or mode out in 


noise floor SSB 

CW 

blocking. CW: 2 kHz 

desired signal 70 dBm; 20 kHz 

dB above noise floor 100 kHz 

two-lone mtermod, CW: 
second order intercept 
third order intercept 10 kHz 

100 kHz 

phase noise degradation 3 kHz 

of noise floor for 10 kHz 

100 dB signal 20 kHz 

100 kHz 


250 kHz 


- 128dBm - 132 dBm 

- 133 - 141 


148 146 
151 148 
151 148 


50dBm 

- 1 dBm -12 dBm 
17 dBm 4.5dBm 
2dB 
2dB 
3dB 
2dB 
OdB 


first i f rejection 
second i-f rejection 
AGC threshold 


88dB 
> lOOdB 

2.8|i V 0.3 jiV 


readout. The display may also be used externally as a 
test frequency counter. 

performance characteristics 

Table 1 shows the receiver's measured perform¬ 
ance. Noise-floor measurements indicate a noise fig¬ 
ure of 8 dB with the preamplifier in. While this is ade¬ 
quate for normal high-frequency operation, it could 
be reduced by minimizing the losses ahead of the 
first mixer. 

The blocking performance is very good, and a 
rather large desired signal level was used to eliminate 
the effects of phase noise on the measurement. The 
third-order intercept was measured at two-tone 
spreads to show the effect of the 45-MHz crystal fil¬ 
ter. The second-order intercept varies, depending on 
the front-end filter attenuation, but the number 
shown is typical. 

The receiver's phase-noise degradation is substan¬ 
tially less than that of other modern synthesized re¬ 
ceivers I tested. This is due to this receiver's wide 
loop bandwidth in the synthesizer and the high-Q 
components in the 5-MHz VFO. 

Image and i-f rejection are quite good although not 
as high as the filter alone should provide. Better 
shielding of the front-end modules and the use of 
miniature hardline to couple them would bring the re¬ 
jection to greater than 100 dB. 

front end 

Front-end filters minimize out-of-band interfer¬ 
ence. See fig. 2. A 30-MHz Cauer lowpass filter is in 
line at all times. It is designed to provide 80-dB image 
rejection by itself and has a notch at the first i-f of 
45 MHz. 

A highpass, lowpass filter combination is switched 
in for frequencies below 1.75 and 4.7 MHz. This 
filter has 0.5-dB attenuation from 1.8 to 4.5 MHz and 
is down 50 dB below 1.1 MHz and above 7.4 MHz. A 



Typical board construction as shown on the filter board. 
Terminal strips are soldered to PC material directly. Compo¬ 
nents are supported on strips and groundplane. Breadboard 
rf circuitry may be constructed rapidly with this technique. 
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second set of highpass, lowpass filters covers 5.9 
MHz to 11.8 MHz with 0.6-dB attenuation from 6.5 
MHz to 11 MHz. This set is more than 50 dB down 
below 2.5 MHz and above 21 MHz. Finally, a high- 
pass filter is used for frequencies above 12.8 MHz. 
The filter has less than 0.4-dB attenuation above 14 
MHz and more than 50 dB below 7.5 MHz. 

These filters are constructed on double-sided cop¬ 
per-clad board using Amidon coil forms. Reed relays 
are used to select filters and are controlled by the 
band switch. Relay drivers are VN10KM FETs(fig.2). 

The MRF517 amplifier, fig. 3, uses transformer- 
coupled negative feedback. It has a gain of 10 dB and 
is flat beyond 100 MHz. Reed relays switch the ampli¬ 
fier in and out. 

AGC is applied with a Mini-Circuits PAS-3 PIN 
diode attenuator following the rf amplifier. This unit 
is not activated unless the signal level exceeds a 
threshold set on the audio-AGC board. It is adjusted 
to start attenuating if the input signal exceeds 100 
jtV. This attenuation reduces the signal level in the 
stages ahead of the 3.18-MHz i-f filters. 

first mixer 

The first-mixer-module schematic is shown in fig. 
4. It contains a Mini-Circuits SRA3H mixer and two 
2N5109 feedback amplifiers. One is used as an i-f 
post amplifier, and the other increases the synthesiz¬ 
er injection signal to 17 dBm. These 2N5109 amplifi¬ 
ers operate at 55 mA collector current. Clip-on heat¬ 
sinks keep the transistor operating temperature 
down. Amplifier gain is about 14 dB, and the output 
compression point is 23 dBm. Input and output impe¬ 
dances are approximately 50 ohms. Frequency re¬ 
sponse is very flat, being down about 0.5 dB at 110 
MHz, the upper limit of my test equipment. Third- 


order intercept measurements on this module indi¬ 
cate a level of 24 dBm. This is to be expected for this 
mixer amplifier combination. No degradation is ap¬ 
parent when the 45-MHz crystal filter is introduced. I 
had some concern that the feedback amplifier would 
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ter. Their model 4371 is a four-pole unit in an HC-18 
case. It has an advertised 3-dB bandwidth of 15 kHz 
with 1-dB ripple in the passband and a 3-dB loss. 
Aside from some sharp spurious responses, its ulti¬ 
mate rejection exceeds 50 dB. This filter has 7000- 
ohm input and output impedances, so networks are 
required to make it usable. See fig. 5. Considerable 
experimenting showed that achieving low insertion 
loss and good ultimate rejection at 45 MHz is not 
easy. 

The insertion loss is important to minimize the re¬ 
ceiver noise figure while maintaining large signal ca¬ 
pabilities. If the filter loss is excessive, the gain pre¬ 
ceding the filter must be high enough to give a good 
noise figure, but that would reduce the large signal¬ 
handling capabilities of the receiver. 

Pi matching networks were used at the filter input 
and output. Coils and capacitors of very high Q must 
be used to minimize insertion loss. B&W miniductors 
were used with small air trimmers and Dur Mica ca¬ 
pacitors. Over-all loss, input to output, was held to 



reflect an improper load for the mixer, out of the filter 
passband; however, the amplifier input impedance 
does not vary enough from 50 ohms to degrade the 
intercept point. 

first i-f filter 

The first i-f was placed at 45 MHz to enable the use 
of a standard Piezo Technology, Inc., monolithic fil- 
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fig. 7. 3 18-MHz amplifier schematic IMS module). A second MC1590 and a 
2N5179 feedback amplifier complete the i-f chain. They are mounted in a sepa¬ 
rate module to hold down the over-all gain per module. 


less than 2 dB by this method. To achieve good out- 
of-band rejection, it was necessary to mount the 
4371 directly under a solid copper shield that sepa¬ 
rates the input and output circuits. After consider¬ 
able adjustment of component position, ultimate re¬ 
jection of 70 d B was obtained. 

second mixer 

To preserve the good high-amplitude signal per¬ 
formance for frequencies within the 45-MHz filter 
passband, a high-level unit was used as the second 
mixer. A 2N5109 feedback amplifier follows the mixer 
and is designed to provide a 500-ohm drive signal for 
the XF-30 SSB crystal filter. A subminiature relay se¬ 
lects SSB or CW. When CW is selected, a 300-Hz 
crystal filter and a gain-equalizing amplifier are in¬ 
serted into the signal line. The equalizer gain is ad¬ 


justed to offset the CW-filter loss. After filtering, an 
MC1590 provides more i-f gain and AGC voltage. Fig. 
6 shows the schematic. 

A second MC1590 and a 2N5179 feedback amplifi¬ 
er complete the i-f chain. They are mounted in a sep¬ 
arate module to hold down the over-all gain-per- 
module. The schematic is shown in fig. 7. The maxi¬ 
mum drive level to the product detector is held to 
-10 dBm by the AGC system. The MC1590 cannot 
drive the mixer directly while maintaining low two- 
tone intermodulation. The feedback amplifier can 
produce -10 dBm with very low distortion and 
allows the MC1590to operate at less than - 20 dBm. 
This combination has third-order IMD products that 
are greater than 65 dB down at an output level of 
- 10 dBm per tone output. This amplifier is set to 26- 
dB gain but has a maximum of 32-dB gain available. 



crystal oscillator. Output frequency may be shifted by a combination of a small capacitor and 
inductance in series with the crystal and by a second capacitor, which can be switched in with a 
pin diode. 
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LSB and one for USB/CW. An SRA-3 double-balanced mixer is used as the product detector. Unit gives 
excellent results when driven with a square-wave carrier. 


second mixer injection 

The second mixer injection is from a crystal oscilla¬ 
tor operating at a nominal frequency of 48.18 MHz. 
See fig. 8. An offset equal to the BFO offset must be 
applied to this oscillator for USB/LSB selection to 
keep the signal frequency constant. By placing a 
small inductor and capacitor in series with the crystal 
the output frequency can be shifted 1.2 kHz. A sec¬ 
ond capacitor switched in with a PIN diode can then 
pull the frequency to 48,180-1.2 kHz. A buffer ampli¬ 
fier provides the power output to drive the second 
mixer. 

BFO and product detector 

An SRA-3 double-balanced mixer is used as the 
product detector. When driven with a square-wave 
carrier, this unit will give excellent results. For a - 10 
dBm input signal, the harmonic distortion is 44 dB 
down; with a -20-dBm input, the harmonics are 
better than 60 dB down. A Cauer filter is used on the 
i-f port to attenuate any harmonics generated in the 
i-f amplifier. If they are allowed into the product de¬ 
tector, they would be heterodyned to audio frequen¬ 
cies and create harmonic distortion. 


The BFO consists of two crystal oscillators, as 
shown in fig. 9, one for LSB and one for USB/CW. 
Low-power Shottky two-input gates are used for the 
active elements. One input is biased into the linear 
region. The crystal is connected from gate output to 
input with a series frequency-adjusting capacitor. 
The two 300-pF mica capacitors complete the Col- 
pitts configuration. The other gate input is used in 
the normal manner, to select the BFO frequency. 

These oscillators run at twice the desired output 
rate so that a divider can be used to obtain a good 
square wave. A 74S112 flip-flop is used because of 
its small difference in propagation delay for positive- 
and negative-going edges. This unit drives the LO 
port on the SRA-3 through a dc blocking capacitor 
and a 150-ohm resistor. This is a simple but effective 
way to drive a mixer from a logic signal. A good 
square wave is necessary to minimize harmonic dis¬ 
tortion. The third-order intercept of the mixer is in¬ 
creased somewhat by this technique. 

Next month, in the second half of this two-part ar¬ 
ticle, I will describe the construction of the audio and 
AGO board, the synthesizer, and power supply. 

ham radio 
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owners’ survey — TR7 


A survey of 
owners’ opinions 
of the Drake TR7 

This month, the ham radio readers' survey deals 
with the popular Drake TR7, certainly one of the 
most desirable high-frequency transceivers in recent 
years. One hundred and ninety-five completed and 
usable questionnaires were returned by our readers. 

The Drake TR7 is a synthesized transceiver that 
provides continuous receive coverage from 1.5 to 30 
MHz, and transmits on all Amateur frequencies cur¬ 
rently assigned within this range. The circuit com¬ 
bines a frequency synthesizer with a PTO, and there 
is a 1-kHz dial and 100-Hz digital readout resolution. 
The receiver has full passband tuning, with a first i-f 
of 48.05 MHz. The radio features solid-state, no 
tune-up operation. 

the good features of theTR7 .. . 

In response to the question. What is the rig's best 
feature?, the most frequent answer was the general 
coverage aspect of the radio. Thirty-six percent of 
the respondents mentioned this capability and the 
high quality of the TR7 receiver, which was praised 
for both its sensitivity and selectivity. (Note that, 
with the optional Range Program Board, the TR7 will 
tune 0 through 30 MHz, and programmable, out-of- 
band transmit capability is available for other fre¬ 
quencies such as MARS, Embassy, Government, and 
the new WARC bands.) Several Amateurs said how 
much they enjoy being able to use the TR7 for 
SWLing. 

Thirty-one percent of the respondents mentioned 
the broadband characteristics of the radio as among 


its best features (many — in fact, most, respondents 
listed more than one "best feature.") Because the 
radio is solid-state, there is no need for preselection 
tuning or transmitter adjustments. Many of the re¬ 
spondents to the questionnaire who had been accus¬ 
tomed to operating only tube-type radios were ap¬ 
preciative of this aspect of the TR7. 

Other "best features" frequently mentioned were 
ease of operation (16 percent), flexibility (9 percent), 
good audio (9 percent), portability (8 percent), and 
the digital readout (7 percent). Here are some repre¬ 
sentative replies to the question, What is the rig's 
best feature?: 

"Flexibility — it does everything! A-m is clear, and 
accessories all plug in together and work well." — 
AK0U 

"General coverage receiver, ease of operation, 
passband tuning." — WD 8 JUB 

"Hard-hitting, pleasing, clean CW receive note; 
ease of alignment." — Kl7T 

"Continuous coverage from 0 to 30 MHz." — 
AG 8 T 

"Receiver is excellent, especially filters and pass- 
band tuning. Good physical layout, and easy to ma¬ 
nipulate the controls. I like the full frequency ability 
— I do SWLing. Most flexible receiver to use: it's a 
real pleasure!" — AE2J 

"The 0-30 MHz receiver. The receiver has excellent 
sensitivity and dynamic range. I often get solid copy 
after other stations give up. The no-tune QSY fea¬ 
ture of the transmitter is excellent. Also very rugged 
output. My transceiver was once key down (at re¬ 
duced power) for 20 hours with no detectable 
change to either the TR7 or its power supply." — 
AF4B 

"Digitally programmed frequency selection. The 
rig will never be obsolete." — WB 6 QDS 

"Flexibility: the ability to use many modes of oper- 


By Martin Hanft, WB1CHQ, Production 
Editor, ham radio magazine 
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fig. 1. How the TR7 was rated, from 1 (poor) to 10 (perfect). 


ation, wide frequency coverage, and the possibility 
of connecting many external components, such as 
receiver and linear amps, making the TR7 the central 
control point of the station." 

"No tune-up. I use the passband tuning and the 
RIT often to get rid of QRM. I also use the STORE 
pushbutton for DX pileups." — N6XL 
"Ease of operation. Transmit audio: Many stations 
comment that my audio is better than most and even 
more readable than others with the same signal 
strength." — W9KFQ 

"Excellent receiver with passive front end and 
choice of receiver i-f filters. General coverage capa¬ 
bility. Plug-in circuit boards. Ability to use digital dis¬ 
play as frequency counter. Passband tuning. VOX 
controls on front of unit. Covers new bands and 
MARS." - W9UI 

"Excellent skirt selectivity and dynamic range." — 
AA50 

"No tuning of output stages; RIT; built-in frequen¬ 
cy meter; continuous coverage." — W4UI 
"160-meter capability." — W6GAW 
"Excellent receiver: Freedom from overload, IMD, 
and cross-modulation distortion. Flexibility: Can 
transmit and receive over whole hf spectrum; can 
also receive VLF." — N2MS 

"Super receiver section. I have owned most of the 
popular rigs and I consider the TR7 the best trans¬ 
ceiver available." — K30X 


"Good read-out, good passband tuning, and easy 
to work on or modify. Good general coverage per¬ 
formance; very stable; no warm-up or drift. Runs 
very cool with fan, which is very quiet." — W7UC 
"It's hard to say which is best, it's got so many 
great features. Easy to operate; can be quickly dis¬ 
connected from home station and put in car; great 
audio on transmit and receive. Easy to operate 
mobile: Very stable VFO on rough roads." — 
KA7AWS 
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number of respondents who listed that feature as 

worst. 



percent 

PTO drift 

10 

poor metering 

9 

auxiliary programming 

7 

service manual 

6 

front panel appearance 

5 

noisy receiver at minimum volume 

5 

size of pushbuttons 

4 

price 

4 

AGC always on 

4 

sensitivity to SWR 

3 

table 3. Problems. The percentage refers to t 

he num- 

ber of respondents who listed the problem 

on their 

survey form. 



percent 

no problems 

32 

frequency drift 

10 

bad solder joints 

6 

PIN diode problems 

6 

tuning dial 

5 

bad transistor 


rf in audio 

2 

low audio output 

2 

voltage regulator 

1 

table 4. Accessories. The percentage refers to the 

number of respondents who bought the accessory 

listed. 



percent 

additional filters 

31 

remote VFO 

18 

fan 

16 

service manual 

9 

noise blanker 

8 

speech processor 

8 

external speaker 

7 

matching network 

6 

amplifier 

4 

wattmeter 

4 

table 5. Desirable additional features. The percentage 

refers to the number of respondents who would like 

to see the feature incorporated into the TR7. 



percent 

notch filter 

18 

second VFO (now available as outboard accessory) 

13 

speech processor Inow available as outboard ac- 

9 

cessory) 


noise blanker (now available as accessory) 

5 

fixed sidetone volume adjust 

5 

phone patch jack 

4 

built-in power supply 

4 

fm mode 

3 

programmable memory 

3 

microcomputer interface 

2 


"Versatility — it works MARS on many out-of- 
band frequencies. The TR7's ability to reach any¬ 
thing from 1.5-30 MHz with no need for transmitter 
adjustments or receiver preselection makes it a great 
pleasure to operate." — WA4SHP 
"Extremely accurate frequency readout — can 
operate with confidence, knowing I'm on frequency. 
Passband tuning operates just great! Comes in handy 
most of the time I'm operating. General coverage re¬ 
ceiver adds to the enjoyment." — VE3LIQ 
"Wide frequency range. The XYL enjoys SW 
broadcasts and I like to copy ship-to-shore CW on If 
and hf. Very convenient for use in our travel trailer." 
- W8BH 

.. . and the bad 

In response to the question. What is the rig's worst 
feature?, the highest percentage of respondents, 10 
percent, reported drift in the PTO. Nine percent com¬ 
plained about the metering on the rig — being not 
calibrated well or being ineffective — and about 7 
percent did not like the STORE (frequency display) 
capability, finding no use for it. Other votes for the 
worst feature of the TR7 went to the service manual 
(for providing too little information), the looks of the 
front panel, the small size of the pushbuttons, and 
the price. 

Here are some sample replies to the question, 
What is the rig's worst feature?: 

"The lack of explanation in the owners' manual on 
the best ways to use the passband tuning feature. I 
still have not convinced myself that I am using it 
properly on SSB. The owners' manual should offer 
more technical information on the rig. I had to pur¬ 
chase the service manual in order to find out what's 
inside the rig." — AI0W 

"Has small, slow, frequency drift during the first 
hour from a cold start. After that it is very stable." — 
W7FSP 

"Click in phones when switching from CW to 
SSB." - K5AS 

"Price. Doesn't have fm mode. Doesn't have 
notch filter. Doesn't come with mike or 12-volt 
power plug." — WD8PAQ 
"Haven't found any! I really can't say anything bad 
about this rig." — WA2MNG 
"No break-in. No possibility of switching the AGC 
off." - OZ8SO 

"No notch filter. Price." — AB6X 
"SWR protection circuit is very sensitive and a 
really good matching network (tuner) is a must to 
achieve maximum output." — KM4U 
"Price: A real nice radio but I think it is priced too 
high now at $1495.00." - KA2HYV 
"Af gain control doesn't quiet the receiver." — 
DL7GK 
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"Drift during warm-up." — N2AQS 
"There are just no bad features." — KH6JRZ 
"No memories on second VFO. Poor quality dial 
mechanism." 

"PTO drift." 

"Counter reads out to only the nearest 100 Hz. 
Readout to nearest 10 Hz would be useful to meet 
military frequency standards (most are ±50 or ±25 
Hz)." - WB2BOO 

"Analog dial is hard to read." — Ed Clabough, Bir¬ 
mingham, Alabama. 

"No phone-patch connection. I had to have mine 
modified." - K9ERO 

"Low audio output." — K5FZ 
"Weak audio." - WIOFZ 
"Sensitivity to antenna SWR." 

"No built-in notch filter. No way to completely de¬ 
feat the AGC circuit." — W5AYZ 

"As with all broadband solid-state no-tune radios, 
an antenna tuner/matchbox is required to match an¬ 
tenna, or rf shutdown will start about 3:1 SWR." — 
WB9HBH 

"Sidetone not adjustable." — W30DN 
"Frequency creep." — W1AY 
"Volume control can't completely cut off audio. 
Digital display hold button is useless. Auxiliary VFO 
shifts frequency when spot button is depressed." — 
WB9IWN 

problems 

Thirty-two percent of those completing question¬ 
naires said they've had no problems with the TR7. 

The most common problem encountered with the 
TR7, mentioned by 10 percent of the respondents to 
the questionnaire, was frequency drift. Other prob¬ 
lems that cropped up were bad solder joints, leaky 
PIN diodes, problems with the tuning dial, and an oc¬ 
casional bad transistor. Bad solder joints were re¬ 
ferred to by about 6 percent of those who replied. No 
other problems received significant attention from 
our respondents. 

additional features 

To the question. What additional features would 
you like to see built into a rig of this type?, the most 
frequent response was a notch filter, mentioned by 
18 percent of the respondents. Next to the addition 
of a notch filter, the addition of a speech processor 
ranked high in the estimation of Amateurs respond¬ 
ing. About 9 percent said that they would want to 
see some sort of speech processing incorporated into 
a rig of this type. 

Other additional features that were mentioned 
were a phone-patch jack, programmable memories, 
a noise blanker, fm mode capability, a sidetone vol¬ 


ume adjustment, an SSB squelch, and a built-in 
power supply. 

accessories and 
related findings 

The most popular accessory among owners of the 
TR7 is filters, which were purchased by about a third 
of those replying to the survey. However, we believe 
that about 75 percent of TR7 owners have actually 
purchased filters, which indicates that most of those 
responding to the survey didn't consider the filters as 
accessories. These include a-m, CW, and SSB filters. 
Next in popularity (18 percent) was a remote VFO, 
followed by speech processors, noise blankers, ex¬ 
ternal speakers, and the service manual. 

To the question, Have you had the rig serviced?, 
51 percent answered yes and 49 percent no. Eighty- 
two percent of those whose rigs had been serviced 
said that the servicing was satisfactory. To the ques¬ 
tion, Have you been able to obtain all the accessories 
and parts you need?, 98 percent answered yes, indi¬ 
cating that Drake is certainly making their parts and 
accessories available to Amateurs. Ninety-four per¬ 
cent of those who purchased accessories were happy 
with them. 

By license class, 45 percent of those responding to 
the questionnaire held an Advanced class ticket, 38 
percent were Extras, 15 percent were Generals, and 2 
percent were Technicians. 

To the question. What antenna do you use most, 
51 percent answered beam, 33 percent answered 
wire, 13 percent said vertical, and 3 percent replied 
other. 

The following twelve categories were scored from 
1 to 10 (with 1 being poorest, 4 to 6 average, and 10 
perfect): Ease of Operation, Reliability, Durability, In¬ 
struction Book, Factory/Dealer Service, Quality of 
Workmanship, Performance, Maintenance, Parts 
Availability, Accessories (ease of connection), Price 
and Flexibility. The scores are reported in fig. 1. 

would you buy one again? 

That's the big question, and over 88 percent of the 
Amateurs responding answered yes. That's the high¬ 
est positive response we've received thus far on any 
piece of high-frequency Amateur gear we've asked 
our readers about. Owners of the Drake TR7 are ob¬ 
viously very happy with their choice. 

Next month, ham radio will present the results of 
its readers' survey on the Kenwood 520. This is a rig 
many Amateurs have asked to have reviewed, and 
the results should be interesting. Thanks to all who 
have participated by sending in a completed ques¬ 
tionnaire. 

ham radio 
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Garth Stonehocker, K0RYW 


last-minute forecast 

The low-frequency bands, 160 
through 40, will be the favored DX 
bands for the first two weeks of the 
month. The higher frequencies will 
then begin to improve and be very 
good for DX for the last week and a 
half. That means a good DX holiday, 
as well as the holiday of the plentiful 
harvest, for which we can be thank¬ 
ful. Disturbances, however, may 
develop about the 6th, 15th, and 
26th. Remember: even though distur¬ 
bance means signal strength and 
QSB problems on some paths, others 
may be a DX harvest of plenty. Keep 
looking. 

November is a month of plentiful 
meteor showers going on from Oc¬ 
tober 26 to November 22, with the 
shower maximum of ten per hour on 
the 3rd through the 10th. This shower 
is known as the Taurids. Lunar peri¬ 
gee is on the 12th, and full moon is 
the day before, the 11th. 

November is often of special signi¬ 
ficance geophysically because of the 
quiet conditions of the geomagnetic 
field. November and December vie 
for being the quietest month of the 
year. By quietest is meant steadiness 
of the magnitude and direction at a 
point in the magnetic field as meas¬ 
ured by a magnetometer (a very sen¬ 
sitive compass). 

The variations of the geomagnetic 
field are described by the A figure on 
a daily basis. It is made from eight 
three-hour K figures. The K figure is 
the displacement from an average di¬ 
urnal curve for an observing station 
during the three hours. Why does the 
geomagnetic field become more 
stable in winter (November, Decem¬ 


ber, January)? One reason is the solar 
wind pressure against the earth's 
magnetic field (magnetosphere). 
Since the earth is closer to the sun in 
winter, the pressure at that time in¬ 
creases. This higher pressure around 
the magnetosphere holds it still — or 
tends to. In fact, the solar flux and 
geomagnetic field more often than 
not move opposite each other — ex¬ 
cept when the sun flares. 

November is also the first month of 
the winter DX season. Although the 
hours of daylight in the Northern 
Hemisphere are quite short now, the 
ionospherically propagated frequen¬ 
cies rise rapidly with the rising sun 
each day. This maximum usable fre¬ 
quency (MUF) becomes very high, 
giving the 6-, 10-, and 15-meter 
bands a few afternoon and some 
evening hours of good DX. 

The sunspot number (SSN) or solar 
flux is still high enough, now at the 
beginning of the decline of the SSN 
cycle, to produce openings on these 
bands. The high ionization piles up on 
both sides (±20 degrees) of the 
geomagnetic equator. A mound of 
ionosphere above Central America 
and northern Argentina allows trans- 
equatorial one-long-hop signals into 
the southern populated areas of 
South America. The late evening 
hours, 2000-2300 local time, are the 
optimum times for DX to our friends 
down south. A bit of geomagnetic 
disturbance even makes this type of 
propagation better. 

The noise (QRN of the spring, sum¬ 
mer, and fall thunderstorms) is about 
over by now. This lack of QRN now 
makes DXing in the lower bands of 80 
and 160 meters a pleasure. So you 


can see why November ushers in the 
winter DX season, and now you have 
more time indoors to enjoy it. 

band-by-band summary 

Six meters will open occasionally for 
F2 long skip propagation with hops 
1000 to 2500 miles long, and with 
many hops usable. The openings will 
follow the sun during the day and 
early evening. 

Ten and fifteen meters will have 
openings similar to those on 6 
meters, but more often and lasting 
longer. Worldwide DX is usual from 
after sunrise until well after sunset 
during periods of the 27-day solar flux 
maxima. Short skip of 1200 miles 
maximum distance is also possible, 
and will also be following the sun 
across the earth. 

Twenty meters will be open most all 
days and nights to some area of the 
globe, with long skip, and some short 
skip. Distances and number of hops 
will be much like those on the 15-, 
10-, and 6-meter bands. 

Forty and eighty meters will be the 
most usable night-time bands for DX. 
Most areas of the world can be work¬ 
ed from dusk till just before sunrise. 
Hops shorten on these bands to 
about 2000 miles for 40 and 1500 
miles for 80 meters, but the number 
of hops can increase since signal ab¬ 
sorption in the ionospheric D region is 
low during the night. The path direc¬ 
tion follows the darkness across the 
earth, similar to the higher bands 
following the sun. Daytime short skip 
can be used during the day and at 
night if low-height horizontal anten¬ 
nas (high take-off angle) are used. 
Vertical antennas over good ground 
systems give the lowest take-off 
angles for long skip on these bands. 

One-sixty meters will be about like 80 
meters and provide good stuff for the 
enthusiastic DXer who likes to work 
into the wee hours of the night and 
early morning hours — maybe you 
retired folks or swing shift workers. 

ham radio 
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products 


portable two meter 
quad 

A new collapsible antenna has 
been introduced by Palomar Engi¬ 
neers. It extends the range of low 
power 2-meter transceivers by pro¬ 
viding the gain and front-to-back dis¬ 
crimination of a two-element quad. It 
is ideal for boating, backpacking, 
mountaintopping and other portable 
applications, since it gives the gain of 
a linear amplifier but does not require 
additional battery power. 

The entire beam assembly is housed 
in an 18-inch carrying case that will fit 
in a suitcase. For use, it unfolds to 
form a two-element full size quad 
complete with stablized mounting 
stand. The portable two-meter quad 
sells for $67.50. For further informa¬ 
tion write Palomar Engineers, 1520-G 
Industrial Avenue, Escondido, Cali¬ 
fornia 92025. 

communications 
accessories brochure 

A new four-page brochure describ¬ 
ing communication acessories that 
are essential to operating excellence 
are now available from the J.W. 
Miller Division of Bell Industries in 
Compton, California. 

Antenna tuners Model AT 2500 
with 2500 watts PEP power capability 
and Model CNA-1001 for 500-watts 
PEP cover a frequency range of 3-30 
MHz including the WARC bands. 
Direct-reading meters provide for¬ 
ward and reflected power indications 
and SWR. Models CN-720-B and CN- 
620-B cover 1.8-150 MHz, and Model 
CN-630 covers 140-450 MHz. Rf clip¬ 
ping that ensures low distortion is 


provided by the Model RF-440 speech 
processor. Adjacent-channel isola¬ 
tion of better than 50 dB at 300 MHz 
and 45 dB at 450 MHz is provided by 
the CS-201 two-posititon and CS-401 
four-position coaxial switches. 

Additional infomation may be ob¬ 
tained from Joe Johnson, J.W. Miller 
Division, Bell Industries, P.O. Box 
5825, Compton, California 90224. 

portable power systems 

Heath Company announces the 
Heathkit GU-1820 portable power 
system. This lightweight alternator 
can produce up to 2200 watts of 120 
Vac, 60-Hz power — enough to 
operate a ham station, an electric 
chain saw, or a refrigerator-freezer 
during a blackout. The GU-1820 is 
designed for ham radio clubs, home 
owners, civil defense, police and fire 
departments. It can also provide on- 
location power for construction and 
logging crews, campers, hunters, 
wood cutters, and others. 

Mail order price is $479.95. Voltage 
is regulated to within ±5 percent, 
and frequency variations are limited 
to +4 Hz, from no load to full load at 
3600 RPM. Radio-frequency inter¬ 
ference is eliminated by a resistive 
spark plug. 

The five horsepower Briggs and 
Stratton gas engine can run up to 

1- 3/4 hours, at half load, on a tankful 
of regular gas, unleaded gas or 
gasohol. Noise is controlled by a low- 
tone muffler; to reduce sparking to a 
minimum, the optional GUA-1820-1 
spark-arresting muffler ($3.95 mail 
order; required in California) is 
available. 

For more information, contact 
Heath Company, Dept. 350-035, Ben¬ 
ton Harbor, Michigan 49022. 

2- meter amplifiers 

Heath Company announces two 
new high-power amplifiers for Ama¬ 
teur Radio operators using the 2- 
meter band. The VL-2280 75-watt 
VHF base amplifier is suited for base 
or mobile use. 

Both the VL-2280 and the VL-1180 


amplifiers are designed to operate in 
all modes (single sideband, fm or 
CW), across the entire 144-148 MHz 
2-meter band. Ten watts in produces 
75 watts out. Antenna-to-receiver 
insertion loss is less than 0.6 db, and 
intermodulation distortion is less than 
24 dB. Power output is kept stable 
across the entire band by broadband 
circuitry. Extra-large heatsinks pro¬ 
vide enough cooling to make possible 
a 50-percent duty cycle. Keying can 
either be rf-sensed or remote. 

The VL-1180, priced at $137.95 
(FOB Benton Harbor, Michigan), op¬ 
erates on 13.6-Vdc mobile power. A 
special design allows the VL-1180 to 
be used in a car trunk or other out-of- 
the-way place. 

For more information contact 
Heath Company, Dept. 350-056, Ben¬ 
ton Harbor, Michigan 49022. 

high-isolation 
coaxial relay 

The Dow-Key Division of Kilovac 
Corporation has released for sale a 
new high-isolation SPDT coaxial 
relay. The model 66-23732 was de¬ 
veloped primarily for use with cable 
television head-end equipment, and 
features the 75-ohm "F" female con¬ 
nectors, which provide a minimum 
of - 100 dB isolation dc to 500 MHz. 
The relay comes equipped with 26.5- 
Vdc actuating coil and DPDT auxiliary 
contacts. Power capacity is 20 watts 
CW. 

The relay is designed for video 
source switching, using the auxiliary 
contacts for audio follow-on. It has 
excellent rf characteristics for i-f 
switching, and the auxiliary contacts 
may be used for remote indication of 
the relay position. The same relay is 
ideal for rf switching to 500 MHz, and 
for use in remotely actuated or pro¬ 
grammable switching modules. The 
model 66 is also available with a 12- 
Vdc coil, with or without auxiliary 
contacts. For further information 
contact: Kilovac Corporation, P.O. 
Box 4422, Santa Barbara, California 
93103. 
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Bencher 

1:1 BAUi\ T 


• Lets your antenna radiate—not your coax 

• Helps tight TVI—no territe core to 
saturate or reradiate 

• Rated 5 KW peak—accepts substantial 
mismatch at legal limit 

• DC grounded—helps protect 
against lightning 

• Amphenol® connector; Rubber ring 


Available at selected 
dealers, add $2.00 
postage and handling 


*BencHeR.inc. 


Iron Powder and Ferrite 

TOROIDAL CORES 

Shielding Beads, Shielded Coil Forms \ 

Ferrite Rods, Pot Cores, Baiuns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 


AM, °^!oU Since 1963 



12033 Otsego Street, North Hollywood, Calif. 91607 


REPEATER COflTROLLEF 

• 4 ACCESS MODES • 12 VDC OR 117 ' 

• AUTO PATCH • 60 CONTROL FL 

• AUTO DIAL (72 NO.) • 30 TIMERS 


• REVERSE AUTOPATCH 


MS-001 ON G-10 PLATED 
THUR HOLE PC BOARD 
WIRED & TESTED $695.00 


• EASY TO CHANGE CODES 

• 3 LINKS 

• PHONE, RX, & TX AUDIO 
INTERFACE W/MUTING 

MS-101 RACK MOUNT 
W/117 VAC POWER 
SUPPLY $849.25 
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heavy duty portable 

DMM 

The new rugged HD-100 from 
Beckman Instruments, Inc., is made 
waterproof and dustproof to resist 
the elements. It can withstand the 
physical impact of accidental drops 
and has the kind of built-in input 
protections never before found in 
other DMMs. 

Voltage inputs are protected to 
1500 Vdc or 1000 volts RMS. Current 
ranges are protected to 2 amps/250 
volts while resistance changes are 
protected to 500 Vdc. The 0-ring 
sealed ABS plastic case is fire retard¬ 
ant with ribbed side walls that are 
twice as thick as in other meters. The 
bright NATO-yellow case is highly vis¬ 
ible — easy to spot in a tool box or on 
a ledge before leaving a job. 

For further information and com¬ 
plete specifications, contact your 
local electronics or meter distributor, 
electronics retail outlet or Beckman 
Instruments, Inc., Advanced Electro- 
Products Division, 2500 Harbor Blvd., 
Fullerton, California 92634. 

catalog for power grid 
tubes 

A quick-reference catalog for 
power grid tubes is available free 
from Varian/Eimac. The catalog lists 
tubes manufactured at Eimac's San 
Carlos and Salt Lake City sites. The 
San Carlos plant produces large 
ceramic/metal power grid tubes, 
cavities, and accessories. Glass 
power tubes, smaller ceramic/metal 
tubes, and a wide line of planar triode 
and X-ray tubes are manufactured in 
Salt Lake City. 

Included in the catalog is an appli- 
cations-oriented power grid tube se- 


) MICRO SECURITY 9307 Meadows La. Greenfield, IN 46140 (317)894-1201 J 
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lection guide for ease in making type 
selections. To receive the free, quick- 
reference catalog of Eimac power 
grid tubes, contact the nearest Varian 
Electron Device sales office or 
Varian/Eimac, 301 Industrial Way, 
San Carlos, California 94070. 

station clock 

The heart of the Zulu 3TZ is a mi¬ 
croprocessor chip and memory that 
gives it greatly expanded capabilities. 
Besides the one local 12-hour time 
zone and two alternate 24-hour world 
time zones, the unit has a reminder 
I.D. timer that gives different tones at 
8, 9, or 10 minute intervals. The IDer 
is resettable and accurate to plus or 
minus 0.1 second. Other features in¬ 
clude large, orange 0.6 inch LED read¬ 
outs for easy readability; quartz crys¬ 
tal timebase battery backup; ac or dc 
operation on 12 volts or 117 Vac with 
the wallplug transformer that is in¬ 
cluded. 

Also useful is an appliance timer 
output that is synchronized with the 
local (12-hour) time that allows one 
on and one off shiftpoint per day. The 
manual explains how to connect the 
appliance-timer output to a relay or 
triac (not included) to control any ex¬ 
ternal device. The unit can be made 
to display remote temperature using a 
silicon linear thermistor probe and a 
highly stable voltage-to-frequency 
circuit. The additional parts are avail¬ 
able for $9.95. Contact Bullet Elec¬ 
tronics, P.O. Box 401244, Garland, 
Texas 75040. 

MBA reader-only 

AEA, Inc., announces the intro¬ 
duction of a reader for Morse, Bau¬ 
dot, and ASCII operation. Designated 
the MBA-RO (reader only), it is a 
state-of-the-art device using a 32- 
character vacuum fluorescent alpha¬ 
numeric display. The 32-character 
display allows for up to five words to 
be displayed at one time. This ex¬ 
tended display is especially useful 
during high-speed copy. 

The reader can copy up to 99 WPM 
for CW, 60-70-75 and 100 WPM for 


STEP UPTOTELREX 

Professionally Engineered Antenna Systems 

I Single transmission line “TRI-BAND® ARRAY” 


MONARCH 

TB5EM/4KWP 



By the only test that means anything ... 
on the air comparison ... this array con¬ 
tinues to outperform all competition . .. 
and has tor two decades. Here’s why For technjca | 

. . . Telrex uses a unique trap design p | ete Telrex li 

employing 20 HiQ 7500V ceramic con- „-_ 

densers per antenna. Telrex uses 3 opti- /awuuumi 
mum-spaced, optimum-tuned reflectors ( . j 


rtfflH THE TOUCH TONE 

g| ENCODER ■ 

, ' I ^ An ultra high quality encoder tor absolute HAanflaftAB; 

H reliability and function. Positive touch key action - 

>'H i- 'pp.i with non-malfunction gold contacts, totally 1 pp _ “ _l 
&PP-1K serviceable and self-contained. Easy level . an 
control, no frequency drift, operates in temp- “ 
eratures from -15°f to 160°f. Supplied with instructions, schematic, template and 
hardware. Call or write for free catalog, dealer’s list and Information guide. 

PP-1 S55./PP-1 K, S.P.S.T. Adj. Relay $62. P-3,12 or 16 Key,for custom 

S59./PP-2K S.P.S.T. Adj. Relay $66. installation, flush mount, 3 differe 
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® P.O. Box 3435 

Hollywood, California 90028 I 
(213)852-1515 m 




CENTRAL NEW YORK’S MOST COMPLETE HAM DEALER 


Featuring Kenwood, Yaesu, Icom, Drake, Ten-Tec, Swan, Dentron, Alpha, Robot, 
MFJ, Tempo, Astron, KLM, Hy Grain, Mosley, Larsen, Cushcraft, Hustler, Mini 
Products, Bird, Mirage, Vibroplex, Bencher, Info-Tech, Universal Towers, 
Callb ook, ARRL, Astatic, Shure, Collins, AEA. We service everything we sell ! 

Write or call for quote. You Won’t Be Disappointed. 

We are just a few minutes off the NYS Thruway (1-90) Exit 32 LllZLl 


More Details? CHECK-OFF Page 102 
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put • Typical frequency coverage 70235-70295 QHz • Full duplex operation 
• Internal Qunnptexer for portable operation • Qunnplexer removable for tower 
mounting In fixed location service — three shielded cables required tor Intercon¬ 
nection • Powered by 13 volts dc nominal at 250 mA • 30 MHz Ft • 10-tum 
potentiometer controlled VCO tuning • 220 If Hz ceramic Ft filter • Extra diode 
switched filter position for optional filter • *Dual polarity ate • Rugged two-tone 
grey enclosure • Full one year warranty • $389.95 with 10 mw Qunnplexer 
• $269.95 without Qunnplexer 


Advanced 

Receiver 

Research 


Box 1242 • Burlington CT 06013 • 203 582-9409 


ALL BAND TRAP ANTENNAS! 



****** A STAR IS BORN ★★★*★* 



Call or write for brochure or o .._ . 

CODE*STAR™ Kit ... . ..CS-K $169.95 

CODE*STAR Wired...CSF $248.95 

Optional ASCII Output Port Kit.... CS-IK $69.95 

Send check or money order. Use your VISA or MasterCard. Add $5.00 shipping and 
handling for continental U.S. Wisconsin residents add 4% State Sales Tax. 

Corporation Telephone: (414) 241-8144 
P. O. Box 513HR, Thiensville, Wisconsin 53092 


Baudot and ASCII at 110 and hand- 
typed 300 baud. The MBA incorpo¬ 
rates automatic speed tracking, en¬ 
suring no loss of copy from rapid 
speed changes in signal reception. It 
uses a 12-Vdc external power supply, 
making it ideal for portable, mobile, 
or fixed operation. The MBA is com¬ 
pact and can be used with a hand 
key, bug, or electronic keyer. 

For further information, contact 
Advanced Electronic Applications, 
Inc., P.O. Box 2160, Bldg. O & P - 
2006-196th SW, Lynnwood, Wash¬ 
ington 98036. 

short circuits 

wideband sweep generator 

The following correction should be 
made to fig. 2 in the article "Stable 
Wideband Sweep Generator," which 
appeared in the June, 1981, issue: 
The 100k resistor between R3 and pin 
2 of the 741 1C should be connected 
between pins 2 and 6. The side of R3 
that is shown connected to the 100k 
resistor should be connected to pin 6. 

antenna bridge calculations 

The following errors appeared in 
the program listed in K6GK's article in 
the March, 1981, issue (page 851. 

Line 160 is missing an end bracket. 
Line 640 should have no bracket. Line 
350 should read +1+2, not =1 + 1. 
Line 400 should read (A2*B1) not 
(A2+B1). Line 610 should read -14, 
not 14. 

Line 390 is an overlooked "gar¬ 
bage" term and can be scratched. 
The program "just growed" and can 
be shortened a bit, but it was submit¬ 
ted as is in the hope that it would 
stimulate interest in this approach. 

G3LDO wire beam 

Please note that in fig. 7 of Bill 
Orr's article, "Ham Radio Tech¬ 
niques," in the January, 1981, issue, 
the dimension D should have been in¬ 
dicated on the drawing as the dis¬ 
tance from the top of the vertical 
mast to the point at which the sup¬ 
port rods cross. 
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Tell 'em you saw it in HAM RADIOI 













Grampa Ronnie?? 
Uncle Hohmer? 


If not... see page 92. 


Code Instead of on endless rnace of dits ond dahs. each letter 
will magically begin to call out its own name! Stop torturing 

contains 5 power*parked cassettes, visual breakthrough cards, 
and original manual All this for only $39.95! Send check or 


TEXAS TOWERS 

A 01 VISION OF TEXAS COMMUNICATIONS PRODUCTS 

1108 Summit Ave.. Suite 4 
Plano, Texas 75074 


More Details? CHECK-OFF Page 102 
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Observation 
& Opinion 




This month I'd like to introduce a close friend and fellow Californian, Bill Gay, WA6PNY, Bill and his wife visited us on the last leg of 
an extensive trip across Canada that lasted 2 'h months. They met many Amateurs and had a wonderful time operating their station, 
which was installed in a 31-foot trailer, Here are some of their experiences and a look at what other American hams might expect 
from our colleagues up north, in Bill's own words. Editor. 


The hospitality extended to my wife and me by Canadian Radio Amateurs during our trailer trip 
across that country is something I'll never forget. Trailering with a mobile ham station is a great way 
to make friends, and I want to thank all the hams I met from British Columbia to Quebec for their 
warmth and generosity. 

I had no idea what was involved in obtaining permission to operate in Canada. I wrote to the Cana¬ 
dian Department of Communications for information and even included a copy of my license. I was 
told just to bring my gear and operate as if I were in the U.S. No fuss, no bother. With the reciprocal 
licensing agreement, I was allowed to work essentially all the ham bands with the same privileges I 
have at home as an Advanced-class licensee. 

We had no problems whatever crossing into Canada. 

"Where are you from?" 

"San Diego." 

"Where are you going?" 

"Across Canada!" 

"How long are you going to be in the country?" 

"Two or three months." 

"Okay, go ahead." 

Unbelievable! I was prepared to pay duty on food, my equipment, and so forth, but there was no 
inspection and no hassle. 

One of the highlights of the trip occurred after we'd stopped at a KOA campground just outside 
Calgary. I called Fred Dettmers, VE2BQY, (whom I'd met previously) on the radio and asked if there 
was an autopatch on the local repeater. I was told, "Oh yes. Standard access: star up; pound 
down." I was amazed! No secret codes, no PL tones — just star up and pound down. Another 
example of Canadian hospitality. 

While visiting with Fred and his wife, I had an opportunity to obtain an insight into the differences 
between Amateur Radio in Canada and the United States. Consider, for example, that the Amateur 
population in Canada is only about 21,000, compared with 53,000 in California alone. It's easy to 
understand the concern of the Canadian ham who must contend with the terrific wall of signals com¬ 
ing up from south of the border, especially when Canadians are trying to work into Europe. 

The licensing structure in Canada is interesting. Three classes of license are offered: Amateur, 
Advanced, and Digital. For the Amateur license, the applicant must pass a ten-WPM code test, a 
written exam, and an oral exam. This license class grants all-band privileges, code only, plus VHF 
phone. After six months and proof of at least twelve contacts, a 10-meter-phone endorsement and 
full power privileges are granted. The Digital license allows digital operation at VHF/UHF. 

The Amateur-class licensee is eligible to apply for the Advanced license after one year. This exam 
consists of a fifteen-WPM code test and another written test. The Advanced license permits full band 
and mode privileges. After five years, the Advanced-class Amateur may obtain a two-letter call sign 
if available. Licenses are issued for five years, with an annual fee payable to the DOC. 

Our trip lasted 2 'A months. I had a chance to operate in all the VE districts except VE1 and to meet 
a fine group of people. One real challenge was a request I received to explain the new Amercian call 
sign system. It seems that no one in Canada really understands what's going on, who's who, or 
what's what with our new calls. I'm not sure I understand either. 

Bill Gay, WA6PNY 
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coaxed into noticing 

Dear HR: 

Your July article “Buying Parts By 
Mail" left out a very reliable source of 
coaxial cable and other parts. Please 
notice that Nemal Electronics (5685 
S.W. 80th St., Miami, Florida 33143) 
has a wide selection of coaxial cable 
and cable accessories for sale at very 
attractive prices. In addition to that, 
their service is excellent. I can usually 
expect to get my order from them in 
little more than a week's time. Next 
time you need something in the cable 
line, I suggest you give them a call. 

Dave Karpiej, K1THP 
Plainville, Connecticut 

a new breed 

Dear HR: 

What is wrong with this new breed 
of Amateur operator? Is it that we're 
friendly, considerate, and delighted 
with the idea of being a ham opera¬ 
tor? When I was young we looked 
upon ham operators as elitists — ec¬ 
centric individualists, mostly rich and 
kooky. Well, times have changed, 
what with the age of electronics and 
with the advent of inexpensive Citi¬ 
zen-Band Radio, and many of us who 
suffered through the changes on 11 
meters have migrated to ham radio. 

There are those of us who will be¬ 
come the ideal ham operator, knowl¬ 
edgeable in all phases of electronics, 
capable of tearing a radio apart and 
arranging it in perhaps better-than- 
new condition. And there will be 
those of us who will wish we could 
but cannot, who will resort to the 
Bash book and memorization in order 
to escape the trials of 11 meters. It 
behooves the well-versed Amateur 
operator to use his expertise to help 
others and to turn his attention to 
more constructive matters — perhaps 
new rules and regulations to replace 
antiquated ones. 


So I say Viva La Nuevo Amateur 
operator and remember you are now 
a part of the elite. Handle it with dig¬ 
nity and care and to you who did it 
the hard way — understanding is the 
name of the game. 

Judith M. Stevens, KA4IZU 
Clearwater, Florida 

RFI cures 

Dear HR. 

In regards to John Frank's article 
about RFI (September, 1981), I think 
the rule of thumb he speaks of in ref¬ 
erence to fig. 2 is misleading. The 
rule is implemented when no ac sig¬ 
nal is desired across the resistor being 
bypassed, as in an emitter or cathode 
lead. This is not the case for a preamp 
input. The rule should be tied to the 
interfering signal. The bypass cap 
must have a high impedance with re¬ 
spect to the circuit impedance at the 
highest audio frequency presented to 
the amplifier. 

Al Izatt, WB7SYB 
Aberdeen, Washington 

Part of the problem in selecting 
bypass capacitors for RFI cures is that 
there are two frequencies involved 
(audio and radio), and we want to 
bypass only one of them. 

The rule of thumb I mentioned in 
my article provides a starting point for 
determining how much capacitance 
should be added to bypass rf without 
affecting audio. The optimum value 
of the bypass capacitor will depend 
on the impedances involved, the se¬ 
verity of the interference, and the fre¬ 
quency of the offending signal. 

My own experience shows that 
bigger is not necessarily better when 
you are adding bypass capacitors to 
cure RFI. i prefer using the smallest 
amount of capacitance that will solve 
the RFI problem. 

John W. Frank, WB9TQG 
Madison, Wisconsin 


low SWR 

Dear HR: 

I enjoyed the article by Stan Gibilis- 
co, W1GV/4, entitled "How Impor¬ 
tant Is Low SWR?" in the August, 
1981, issue. It is an excellent article 
and I believe it will help many people, 
especially me. I believe, however, 
that there is one small mistake in fig. 
2. All the cable losses are off by a fac¬ 
tor of two. This I believe is because 
the cable loss is actually one-half the 
measured value because the meas¬ 
ured value is a two-way cable loss. I 
refer you to the article by K9MM.* 

John Biro, K1KSY 
Chelmsford, Massachusetts 


In response to the letter from John 
Biro, K1KSY, / have performed my 
own calculation, as follows: 

Let m = line loss when matched; 

E = "forward" voltage as meas¬ 
ured at transmitter; 
e = "reflected” voltage as meas¬ 
ured at transmitter 
r = SWR; 

p = reflection coefficient = 
(r-l)/(r + l) 

Then, with the far end of the line 
short-circuited, 

-2m = 20 log,, (e/E) 

= 20 log, o(p) = 20 log, 0 
((r-l)/(r + l)] 

Thus m = -10 log„ l(r - l)/(r +1)] 

This formula produces results that 
agree with John's and show that fig. 
2 in my article is in fact off by a factor 
of 2. 

Stan Gibilisco, WJGV/4 
Miami i. Florida 


with a Single Measurement at the Transmitter,” ham 
radio. June, 1978. 
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an 

a-m/fm 

converter 

for 

facsimile 

transmission 


A circuit that features 
input and output 
lowpass filters and a vco 

In recent years, facsimile transmission by Amateur 
Radio has been attracting increasing interest. 1 Thus, 
since September, 1980, the official bulletin of the 
DARC is regularly transmitted in facsimile by DJ8BT 
at Frankfurt. Most Amateur stations operating in this 
mode are using second-hand commercial or military 
equipment, although a number of home-built facsim¬ 
ile recorders are in use as well. 

In the facsimile transrrfttter, the picture or docu¬ 
ment to be transmitted is scanned photoelectrically, 
the resulting video signal being used to amplitude 
modulate a carrier of constant frequency, conven¬ 
tionally in the range from 1300 to 1900 Hz. The mod¬ 
ulated carrier is sent via a line or radio channel to the 
facsimile recorder, which converts the amplitude vari¬ 
ations into a copy of the original pictureor document. 

The amplitude-modulated facsimile signal is most 
suitable for transmission over line circuits, where the 
transmission-loss variations with time can be kept 
within ±1 dB. When sent by radio, however, espe¬ 
cially over long-range circuits, it is particularly vulner¬ 
able to amplitude changes caused by fading. One so¬ 
lution to this problem is the transmission of the a-m 
facsimile signal by a frequency-modulated voice 
channel of sufficient quality, thus employing double¬ 
modulation technique (emission F4 with amplitude- 
modulated subcarrier). Due to the large bandwidth 
required, this procedure is confined to UHF. 

high-frequency 1 
radio transmission 

For high-frequency radio circuits, therefore, other 
techniques have to be used. One implies that the a-m 


signal from the facsimile scanner is demodulated to 
produce the video signal, which is then used for 
modulating the carrier frequency of the high-fre¬ 
quency transmitter (emission F4 without subcarrier). 
For most purposes, the frequency is chosen to be J 0 
- 400 Hz for white and/ 0 + 400 Hz for black, f 0 being 
the nominal transmitting frequency. 2 However, for 
meteorological charts the black and white limits are 
reversed, and on low-frequency circuits the limits f 0 
±150 Hz are used.3 

Alternatively, the a-m facsimile signal is converted 
into an audible frequency-modulated signal, which is 
then used to modulate a high-frequency radiotele¬ 
phone transmitter (emission A4with frequency-mod¬ 
ulated subcarrier). Especially, if a properly adjusted 
SSB transmitter is used, the emission (A4J with fm 
subcarrier) will be equivalent to F4 without subcar¬ 
rier. This is the method preferred by the International 
Radio Consultative Committee (CCIR). As a stan¬ 
dard, the subcarrier frequency is set to 1500 Hz for 
white and 2300 Hz for black, 2 with the limits reversed 
for weather charts. 3 

Because most commercial and military facsimile 
apparatus on the surplus market lacks the fm-subcar- 
rier facility, the need arises for modulation conver¬ 
sion when such apparatus is to be used on high-fre¬ 
quency channels. Whereas an a-m/fm converter is 
always required at the transmitting end, the F4 signal 
can often be received rather satisfactorily without 
any additional equipment, simply by detuning the 
high-frequency receiver. However, fm/a-m convert¬ 
ers are available, like the one recently described by 
PE1CMX. 4 

The facsimile apparatus I use is an FX-1-B, one of 
the classical facsimile transceivers designed and 
manufactured in the early 1940s by the Times 
Facsimile Corporation for the U.S. Army Signal 


By Karl-Gustav Strid, SM6FJB, Sofiagatan 
83, S-416 72 Gothenburg, Sweden 
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Corps. Part of facsimile equipment RC-120-B, it 
scans an 18 x 22 cm original at 90 strokes per minute 
with index of cooperation M = 264. The transmitted 
signal consists of an amplitude-modulated 1800 Hz 
carrier, the contrast (that is, the level difference be¬ 
tween white and black) amounting to 8-15 dB, de¬ 
pending on the recording technique employed at the 
receiving end. For such a set to be useful on long- 
range radio circuits, modulation converters for both 
the transmitting and the receiving end were designed 
and built. As a basic requirement, fm transmission 
was to conform with the 1500/2300 Hz standard. 
Furthermore, the contrast of the a-m signal was to be 
adjustable to any value up to 30 dB, positive or 
negative. 

design of a trans¬ 
mitting converter 

As an example of an existing facsimile a-m/fm 
converter, fig. 1 shows the block diagram of the 
transmitting circuits of facsimile converter CV-2/TX 
used by U.S. Army Signal Corps.5 The a-m facsimile 
signal is full-wave rectified and the carrier frequency 
suppressed by a lowpass filter. The video voltage 
thus produced is passed to a reactance-modulator 
stage controlling the frequency of an oscillator work¬ 
ing slightly below 100 kHz. Beating this variable-fre¬ 
quency output with that from a fixed oscillator at 100 
kHz yields the desired audible fm signal, which after 
lowpass filtering and amplification, is fed to the 
microphone input of the radio transmitter. (A similar 
heterodyne technique has been used by HA5WH for 
generating teleprinter AFSK signals. 6 ) 

The present design is based on a different ap¬ 
proach, as shown in fig. 2. The video signal obtained 


by full-wave rectification and lowpass filtering of the 
a-m facsimile signal is used, after contrast adjust¬ 
ment, to control the frequency of a square-wave 
oscillator, whose output is lowpass filtered to pro¬ 
duce a sinusoidal fm signal. 

The a-m facsimile signal may be presented to the 
converter with either positive or negative contrast. In 
the former case the white level is nominally 1 mW 
across 600 ohms (775 mV), the black level lying 8 to 
30 dB lower; in the latter case these levels are re¬ 
versed. The fm signal ouput to the radio transmitter 
conforms with the recommendations of the CCIR and 
the International Telegraph and Telephone Consulta¬ 
tive Committee (CCITT), 2 white corresponding to 
1500 Hz and black to 2300 Hz. 

circuit description 

The complete circuit of the facsimile transmitting 
converter appears in fig. 3, and its various parts are 
analyzed below. 

Rectifier and video filter. A small input transform¬ 
er, T1, isolates the converter from the facsimile ap¬ 
paratus; it can be omitted if the units have a common 
ground potential. A precision half-wave rectifier is 
built around amplifier U1A. The negative half-periods 
of the a-m signal are presented with reversed sign 
across R4 at the summing point of the amplifier U1B, 
where the original signal is added through R5 and R6; 
balanced full-wave rectification occurs by adjust¬ 
ment of R6. 

The video voltage is separated from the carrier by 
an active filter of third-order Darlington response, 
consisting of a simple lag circuit, U1B, and a Sallen- 
and-Key lowpass circuit, U1D, with an added high- 
pass path, U1C, to insert a notch at twice the carrier 



RECTIFIER 1 H 

fig. 2. 

Block diagram of alternative facsimile transmitting converter. 
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TP1 for zero-input signal; this error will be eliminated 
in contrast adjustment. 

Contrast adjustment. Video contrast, which may 
be positive or negative and of arbitrary magnitude (to 
about 30 dB), is adjusted in a two-stage dc processor 
(U2A, U2B), shown in simplified form in fig. 5. 

In the first stage, a constant voltage, u 0 , is added 
to the video signal, u,, so that zero output is pro¬ 
duced at test point TP2 when the a-m facsimile signal 
is set to its nominal maximum amplitude. The stage 
gain [A, determined by the resistance ratio of R15 to 
R12) is adjusted to obtain - 800 mV at TP2 when the 


input a-m signal is reduced by the nominal contrast. 
If the converter is to be used with several different 
facsimile scanners, any relevant number of contrast- 
setting resistors (R15) may be used; the actual con¬ 
trast is selectable by switch SI. 

The second stage is used as a summing or sub¬ 
tracting amplifier. Resistors R16, R17, R21, and R22 
have a 1 percent tolerance. For an a-m facsimile in¬ 
put of positive contrast, a further constant voltage 
(u L = 1500 mV) is subtracted from the signal to 
yield at test point TP3; 

i (D 

“z = -u L -A(ui + u 0 ) 
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where A is the stage gain of the first stage (U2A). 
Observing the negative sign of u t , we find 
u 2 = - 1500 mV for a maximum (white) and 
u 2 = - 2300 mV for a minimum (black) input signal. 
For an input of negative contrast, the sign of the 
video signal is reversed, and a constant voltage 
(u H = 2300 m V) subtracted so that, at TP3, 

«2 = - u,f{+A (uj + uq) (2) 

Thus, U2 = -2300 mV for maximum (black) and 
u 2 = - 1500 m V for minimum (white) signal. 

Transistor Q1 provides a low-impedance source for 
the voltage fed to R21; otherwise the source impe¬ 
dance would affect the stage gain of U2B in trans¬ 
mission with positive contrast. 

Those who wish to transmit facsimile by direct fre¬ 
quency modulation of the transmitter's carrier oscil¬ 
lator may use the adjusted video signal at TP3 as the 
input. 

Voltage-controlled oscillator. The heart of the 
oscillator is U3, a monolithic 1C comprising a compar¬ 
ator, single-shot multivibrator, and a gated precision 
current source with an internal voltage reference. 
The device is manufactured by Raytheon. Besides 
the original version RC (RM, RV) 4151, an improved 
version, the RC 4152, has been announced; the latter 
was not, however, available to me. 

The negative video voltage at TP3 is summed with 
positive-charge pulses from pin 1 of U3 into an inte¬ 
grator, U2C. The integrator output is fed into the 
comparator at pin 7 of U3, thus controlling the multi¬ 
vibrator. The pulse-repetition frequency will settle so 
that the average value of the current at pin 1 will 
equal the current due to video input. The magnitude 
of the charge pulses is determined by R29 and R30, 
which set the oscillator's voltage-to-frequency con¬ 
version factor. 

Having a duty cycle that varies with frequency, the 
pulse train produced by U3 is passed to the two- 



stage flip-flop, U4, which provides a symmetrical 
square-wave train at one-fourth the original pulse- 
repetition rate. The overall conversion factor is 
chosen to be 1 Hz/mV, that is, the limits 1500 and 
2300 mV of the adjusted video voltage will corres¬ 
pond to 1500 and 2300 Hz respectively in the square- 
wave output. 

No measure for offset compensation of U2C was 
found necessary. 

Output filter. The square-wave train from U4 can be 
resolved into odd harmonics of its fundamental fre¬ 
quency, which implies that it can be changed into a 
sinusoidal signal by a filter that suppresses all com¬ 
ponents of frequency above three times the lowest 
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carrier frequency used; that is, above 4500 Hz. On 
the other hand, this filter must pass the entire spec¬ 
trum of interest — for a maximum carrier frequency 
of 2300 Hz and a maximum video frequency of 750 
Hz, the filter cutoff frequency should not occur 
below 

2300 Hz + 1.6 x 730 Hz = 3300 Hz 

To achieve such steep cutoff, the filter was given a 
fifth-order Darlington response. A simple lag circuit, 
U2D, is followed by two cascaded Sallen-and-Key 
stages, U5B and U5D, with additional highpass 
paths, U5A and U5C respectively. Thus, notches are 
produced at 7010 Hz and 4760 Hz respectively, yield¬ 
ing attenuation in excess of 40 dB above 4400 Hz and 
still keeping the passband attenuation below 1 dB up 
to 3400 Hz (fig. 6). The filter was implemented with 
2.5 percent plastic-film capacitors and 1 percent 
metal-film resistors. 

The final stage, U5D, is coupled to the transmitter 
through a small transformer, T2, if required; other¬ 
wise capacitive coupling may be used. Resistor R42 
was included to provide a matched 600-ohm output 
at T2; it may be omitted. The level of the output fm 
signal may be adjusted by changing the resistance 
of R32. 

Power supply. The converter operates from a nega¬ 
tive-ground dc source of 12 volts nominal. For the 
contrast adjustment and voltage-controlled oscillator 
to work unaffected by any supply-voltage variations. 


a regulated supply is provided at 8.25 volts; the volt¬ 
age regulator, U6, is internally compensated for tem¬ 
perature drift. In addition, the operational amplifiers 
require a negative supply of -7.25 volts, which is 
furnished by a monolithic voltage inverter, U7. This 
device is a type ICL 7660 by Datel Intersil. 

Proper operation occurs over the input-voltage 
range of 10.5 — 40 volts; current consumption is 25 
mA throughout this range. 

construction notes 

The prototype converter was built on a 3.7 by 4.3- 
inch (95 by 110 mm) piece of perf board, but the 
design can be readily transferred to an etched circuit 
board. In a definitive design, the simple carbon trim¬ 
mer potentiometers used with the prototype will be 
replaced by multi-turn Cermet trimmers. 

alignment procedure 

The instruments required for alignment of the fac¬ 
simile converter comprise a dc voltmeter, a cathode- 
ray oscilloscope and, preferably, a frequency 
counter. Moreover, a sine-wave signal source is 
necessary; this may be the facsimile scanner. 
Alignment is carried out as follows: 

1. With a low-frequency (50-Hz) sinusoidal signal ap¬ 
plied to the converter input, R6 is adjusted to pro¬ 
duce a symmetrical full-wave-rectified output signal 
at test point TP1, as shown on the oscilloscope 
screen. 

2. A signal at the nominal carrier frequency (1800 Hz) 
and the nominal maximum level (775 mV) is fed into 
the converter. R1 is set to yield approximately -2.5 
volts at TP1. Then R13 is adjusted for zero voltage at 
TP2. 

3. The input signal level is reduced by the nominal 
contrast (typically 8-30 dB), and R15 is adjusted to 
obtain -800 mV at TP2. If the converter is to be 
used with several contrast settings, this procedure is 
repeated for each position of SI. 

4. The input signal is removed and TP2 is shorted to 
ground. With S2 set at position POSITIVE, R18 is set 
for - 1500 mV at TP3, and with S2 at NEGATIVE, R19 
is set for - 2300 mV at TP3. 

5. With -2300 mV at TP3 (S2 at NEGATIVE), R30 is 
adjusted for a frequency of 2300 Hz measured at the 
converter output. With - 1500 mV at TP3 (S2 swit¬ 
ched to POSITIVE), the frequency should then read 
1500 Hz. The short at TP2 is removed. 

The converter is now ready for use. 

performance 

Factors of importance to the converter's function¬ 
ing are the responses of the filters and the linearity of 
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the voltage-controlled oscillator. 

The measured characteristic of the video filter was 
found to closely reproduce the calculated behavior 
(fig. 4). Its step response (fig. 7, left) shows 340 /ts 
rise time, about 12 percent overshoot and a slight 
oscillation of 400 fis half-period. The smallest picture 
element to be resolved in a facsimile transmission 
with M = 264 and 90 scanning strokes per minute, 
having a duration of some 804 ^s (corresponding to a 
622 Hz square-wave train), is well rendered by the 
filter (fig. 7, right). 



duced by 100-Hz square-wave train (top) applied to input of 
video filter. 
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fig. 10. Overall response (bottom! to burst-modulated 1800-Hz sine wave (top) applied to converter input, producing at 
TP3a video signal (center) alternating between - 1500 mV and - 2300 mV. Burst duration 1100 ps (left) and 555 ps (right). 


No deviation from linearity could be observed be¬ 
tween input voltage and output frequency (fig. 8). 
With TP3 shorted to ground, the frequency of 
oscillation was measured to 5.7 Hz at pin 3 of U3, 
confirming that any offset adjustment of the 
oscillator could be omitted. 

The output filter showed a slightly elevated 
response in the passband near cutoff (fig. 6) as com¬ 
pared to its calculated performance. This was due to 
tolerances of the filter components, especially the 
capacitors, and resulted in a 3 percent (0.3 dB) in¬ 
crease in output amplitude from 1500 Hz to 2300 Hz. 
However, in view of the baseband response of the 
transmitter to be used, no correcting measures were 
taken. 

The overall response of the converter (figs. 9 and 
10) is sufficient to reproduce the 800-^s bursts 
representing the smallest picture elements. For 
abrupt changes in input level, a slight overshoot oc¬ 
curs in the output envelope; the observed 7 percent 
(0.6 dB) fluctuation is smaller than will be seen with 
certain teleprinter audio-frequency-shift keyers. 7 

The rms output signal at pin 14 of U5D amounts to 
1.0 volt. The signal magnitude may be altered by a 


change of R32, the output amplitude varying inverse¬ 
ly with resistance. 
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part two: 
audio and ago 
board, synthesizer, 
and power supply 


up-conversion receiver 

for the 

high-frequency bands 



This receiver is designed as a group or modules and boards. 
Front panel reflects clean layout and operator convenience. 



Last month, in part one of this two-part article, I 
described the basic design of my up-conversion re¬ 
ceiver, then went on to discuss the mixer stages, i-f 
filter, and BFO. This month, in part two, I will com¬ 
plete my discussion of the up-conversion high-fre¬ 
quency receiver, beginning with the audio and AGC 
board. 

audio and AGC board 

The product-detector output is terminated in 51 
ohms on the audio board and drives both the audio 
output circuitry and the AGC circuitry as shown in 
fig. 10. A two-pole Butterworth lowpass active filter 
provides 20 dB gain and reduces the wideband noise 
from the i-f output. A summing amplifier provides an 
auxiliary audio input for CW sidetone or a DX spot¬ 
ting net receiver. Power gain is provided by an 
LM380. A few additional dB of negative feedback is 
used to reduce the LM380 hiss and distortion to a 
negligible level. The over-all audio gain is 48 dB maxi¬ 
mum. The bandwidth is 150-2400 Hz. Total harmonic 
distortion is better than - 60 dB at 0.8 watt output. 

The AGC is an audio-driven hang-type system. 
Much time was spent deciding what arrangement to 


By George Cutsogeorge, W2VJN, Plasma 
Physics Laboratory, Princeton University, P.O. 
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use, because much of the "operating character" of 
the receiver stems from its AGC system. One need 
only to listen to some of the modern transceivers to 
note that an otherwise adequate receiver can be al¬ 
most ruined by poor AGC system design. 

The hang-AGC system allows the decay time con¬ 
stant to be set very long to eliminate overshoot on 
strong CW signals. Many tests were run, and I found 
that an attack time faster than 10 milliseconds would 
result in the receiver responding too readily to single 
noise spikes, such as those produced by oil burners 
and wall switches. Of course, if the attack time con¬ 
stant is too long, each transition from weaker to 
stronger is accompanied by a large overshoot. The 
required attack time is easily obtained at audio fre¬ 
quencies rather than at i-f, and the resulting circuitry 
is easy to implement and is noncritical. For a step in¬ 
put of no signal to one millivolt, this receiver over¬ 
shoots less than 2 dB. There is no overshoot on dots 
and dashes of a CW signal after the initial acquisi¬ 
tion. It sounds quite smooth on SSB and CW. 

The gain of op amp U3A determines the normal 
operating level in the product detector. This is be¬ 
cause the minimum signal that will create AGC volt¬ 
age has a peak voltage just adequate to overcome 
the drop in the IN914 rectifier. For the AGC threshold, 
the level at the product detector input is —17 dBm. 
The attack time is controlled by the Ik resistor. The 
gain of U3B is set so that the 2N5640 FET is biased off 
for the signals that would normally activate the AGC. 
When the signal drops in level or disappears, the 
2N5640 turns on and rapidly discharges the AGC ca¬ 
pacitor through a 100k resistor. The hold time is de¬ 
termined by the 15 /iF capacitor in the 2N5640 gate 
circuit. The AGC switch allows for selection of 0.3 
second or 0.7 second. U3C provides the offset volt¬ 


age required by the MC1590 i-f amplifiers. The gain 
of the U3C circuit is held low to provide a slope of 
about 7 dB to the over-all AGC characteristic. Control 
voltage for the front-end attenuator is supplied by 
U3D. The threshold adjustment is normally set for 
100 microvolts. 

synthesizer 

The synthesizer locks a 45- to 75-MHz VCO to a 
5.05-5.55-MHz VFO in 0.5-MHz bands, as selected by 
an offset crystal oscillator. The offset signal could 
also be synthesized, but in the interest of simplicity 
and minimizing spurious outputs, a crystal oscillator 
was chosen. 

45-75 MHz VCO. This VCO uses a grounded-gate 
U310 FET in the Colpitts configuration. See fig. 11. 
One of four ranges may be selected by applying 8 
volts to a range-select input. PIN diodes are used to 
minimize stray capacitance. Tuning is accomplished 
by an MV104 varactor. The varactor is returned to 
- 8 volts, and the normal range of the tuning voltage 


is ± 5 volts. The coils are adjusted so that the maxi¬ 
mum of each range is the fourth root of the over-all 
ratio times the minimum frequency; that is, 

range 1 n 

tax = 45 = 51.13 MHz (1) 

range 2 mi 

ix = 51.13 = 58.09MHz (2) 

range 3 mi 

ix = x 58.09 = 66.01MHz (3) 

range 4 mi 

ix = x 66.01 = 75.00 MHz (4) 


The purpose of range selection is to improve oscilla¬ 
tor stability and to minimize the VCO gain constant 
for reducing phase noise. The VCO range is selected 
by a diode matrix on the crystal-oscillator board. 
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A 2N5179 isolation amplifier couples a small 
amount of VCO output power to a 2N5109 power am¬ 
plifier. This amplifier drives a two-way power divider. 
One output goes to the first mixer module at a 3-dBm 
level. The other output is split to provide synthesizer 
feedback to drive the display module. 

Crystal oscillator. Twelve crystal oscillators are 
used to select 12 bands. The limitation is in the 
switch itself, although twelve bands are more than 
adequate for my use. The receiver frequency cover¬ 
age is shown in fig. 12. With this arrangement, all 
currently available bands are covered except for the 


top 200 kHz of the 10-meter band. Also, the three 
new bands are covered, and one spare (12) remains 
unused. The oscillator in use is selected by an 8-volt 
level from the bandswitch. 

Two types of oscillator circuit are used: the A type 
is for third-overtone and the B type is for fifth-over- 
tone crystals (fig. 12). These circuits are very simple, 
and the price paid for this simplicity is that a certain 
amount of adjusting must be made with component 
values for reliable operation. 

Each oscillator is adjusted to start and operate on 
the correct overtone, to remain there for B + varia- 
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two square waves representing the difference sideband signal are processed by an MC12040 phase and frequency detector. 
The LR356 1C operates as a differential loop filter. 


tions of ± 2 volts, and to provide approximately the 
same drive level out of the module. It's not important 
that each oscillator be exactly on frequency, since 
the digital readout provides the receiver frequency 
accuracy. These frequencies vary about ± 1 kHz in 
my receiver. 

A 2N5179 isolation amplifier drives a lowpass filter 
through a 50-ohm line to the synthesizer module. A 
15-pF trimmer capacitor tips the frequency response 
to help keep a constant drive level across the 40- to 
70-MHz band. 

Phase detector. The VCO and crystal outputs are 
mixed in an MC12002 double-balanced modulator 1C. 
See fig. 13. A lowpass filter selects the difference 
sideband signal, and one-half of a MECL comparator 
(MC10115) changes it to a square wave. Another half 
of the MECL comparator squares up the VFO output, 
and the two square waves are then processed by an 
MCI2040 phase and frequency detector. This unit is 
functionally identical to the MC4044 but it is an MECL 
implementation and is usable to 80 MHz. Also, at any 
frequency, it provides less random jitter due to differ¬ 


ential propagation delays between input and output. 
The MC12040 output drives a differential loop filter 
using an LF356. Some attenuation of the sampling 
frequency spikes is provided by the 180 pF capacitors 
in the loop filter. 

The normal VCO operation voltage range is ± 5 
volts. Under some conditions the VCO output can go 
below the crystal frequency. When this occurs, the 
feedback sense shifts to positive, and the loop will 
latch up with the VCO drive voltage at the negative 
rail. A second LF356 senses this condition, and jams 
the loop to a normal lock. 

5-MHz VFO. This VFO uses a 2N5397 FET in the Vac- 
kar configuration, as shown in fig. 14. A surplus 
BC221 tuning capacitor is the main tuning element. I 
used it because of the high-quality worm drive that 
comes with it. The over-all tuning rate is about 14 
kHz per knob revolution. 

The output is taken through the capacitive tap 
across the tuned circuit. This method gives a good 
sine wave because of the high circuit Q. Two isola¬ 
tion stages buffer the output. 
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The VFO has been very satisfactory in operation; 
however, I could have used heavier material than a 
minibox, because a shift of 100 Hz is noticeable if the 
receiver is turned upside down while listening to a 
CW signal. Flexing of the tuned circuit components 
causes this problem. 



The short-term stability characteristics of this os¬ 
cillator determine the over-all receiver performance. 
Therefore, high-Q components should be used in the 
oscillator tank circuit. 

power supply 

The power supply module schematic is shown in 
fig. 15, and the wiring diagram of the receiver in 
fig. 16. 

display module 

A six-digit counter displays receiver frequency. 
The counter is preset to minus 450,000 counts to 
subtract the first i-f from the displayed value. The 
counter then counts the synthesizer frequency but 
displays the signal frequency. A 10-MHz clock gener¬ 
ates the count gate. This oscillator can be set to zero 
beat with WWV to calibrate the display. The sche¬ 
matic is shown in fig. 17. 

construction 

The receiver is designed as a group of modules and 
boards with 50-ohm interfaces. This design allows 
for flexibility during the construction phase,' several 
of the modules were modified or reconstructed in 
some way. This receiver is strictly a breadboard unit, 
although it's easy to work on and is fairly sturdy from 
an electrical and mechanical viewpoint. Many of the 
modules are fastened to the sides of the frame and 
are easily removable. The sides may be unscrewed to 
gain access to the inner portions of the receiver; yet, 
the unit is operational in this condition. Some of the 
boards are fastened under the main deck and cov¬ 
ered by shield cans. Module and board layouts are 
shown in the photos. 
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Several board construction techniques are used. 
The rf circuitry is built onto blank printed-circuit 
material. Miniature terminal strips are soldered to the 
boards, and the components are mounted on the 
strips. This method requires no hole drilling except 
for the four mounting holes. The audio-AGC board is 
built on a VERO™ card, and the display module uses 
wire wrap. All boards have ground planes and use 
extensive bypassing. 

All parts are readily available through mail-order 
houses. Suitable and equivalent SSB and CW filters 
are available from Fox-Tango Corp. The PTI and 
Minicircuits™ components may be purchased direct. 


Although an account was not kept, the cost was of 
the order of several hundred dollars for the receiver. 

in conclusion 

Was it worth the effort? Yes! I learned a great deal. 
I now have the feeling that a good transceiver can be 
built for about half the price of available units. 

As for improvements, a few came to mind: There 
should be more filtering at the 5-MHz sampling fre¬ 
quency. The switching sidebands are only down 80 
to 85 dB. This is not sufficient with an open front-end 
design. The VCO and VFO should have better har- 
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monic filtering, which will eliminate the VFO fourth 
harmonic response from appearing at 21,2667 MHz 
as well as other spurious signals. 

The VFO and synthesizer should be mounted in 
separate shielded boxes. Tank-circuit voltage in the 
VFO is quite high, and this field contributes to the fil¬ 
tering problem. Space should be allowed for more 
3.18-MHz crystal filters for operating flexibility. 
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The single-sideband transceiver is 
the standard "black box" of the mod¬ 
ern station. Was there a time when 
Amateurs were without this popular 
means of communicating? 

Old-timers can recall the days of 
the mid-fifties when SSB was new 
and exciting. In 1957, the Collins 


Nevertheless, the basic idea for the 
SSB transceiver came about in April, 
1937, when James J. Lamb, W1AL, 
then the Technical Editor of QST, 
completed the design of a "single¬ 
sideband duplex communication sys¬ 
tem" and had his sketch witnessed 
for posterity (fig. II. 


filter, which passes the lower (differ¬ 
ence) sideband of 499 kHz and rejects 
the 501-kHz signal. The wanted sig¬ 
nal is amplified in a 500-kHz passband 
amplifier and fed to a mixer for con¬ 
version. 

The mixer injection signal is at 4.5 
MHz and is derived from the ninth 



Radio Company introduced the 
KWM-1 SSB transceiver; Herb John¬ 
son, W6QKI, was hard at work de¬ 
signing the prototype of the famous 
Swan series of transceivers. 

But the concept of the SSB trans¬ 
ceiver was actually developed in the 
spring of 1937! For twenty years the 
idea had lain dormant. War, and the 
lack of suitable sideband filters and 
stable oscillators, put SSB on the 
back burner for all except a few ex¬ 
perimenters who toyed with this ex¬ 
otic form of communications. 


Jim's novel transceiver worked in 
the 80-meter Amateur band on a 
fixed frequency (4.000 MHz). A block 
diagram is shown in fig. 2. This 
clever design anticipated frequency 
synthesis decades before its time. 
The transmitter portion of the trans¬ 
ceiver is at the top of the sketch. 
Starting, for example, with an audio 
tone of 1 kHz, the signal is amplified 
and mixed with a 500-kHz carrier 
from a crystal oscillator. The sum and 
difference frequencies (499 kHz and 
501 kHz) are passed through a crystal 


harmonic of the 500-kHz oscillator by 
virtue of a times-nine multiplier, or 
harmonic generator. The resulting 
signal is upper sideband, with the 1- 
kHz tone at 4.001 kHz. 

Jim Lamb added a "replacement 
carrier" generator to supply a carrier 
at 4.000 kHz. Note that the carrier 
was radiated by a separate antenna. 
The purpose of the carrier, it is 
thought, was to ensure a reference 
frequency for the unstable receivers 
of those days. No information is pro¬ 
vided in the drawing as to the relative 
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signal amplitudes of the carrier and 
the sideband signal. 

The lower portion of the sketch 
represents the receiver portion of the 
transceiver. Referring to the block 
diagram, the incoming signal at 4.001 
kHz is mixed with the 4.5-MHz injec¬ 
tion signal and the resulting signal, at 
499 kHz, is amplified and passed to a 
diode detector receiving mixing volt¬ 
age from the 500-kHz crystal oscilla¬ 
tor. The audio signal developed is 
passed to a headset and the eager 
operator. 

W1AL clearly understood the prin¬ 
ciple of frequency synthesis, as all his 
mixing voltages were derived from a 
single crystal-controlled oscillator. To 
make sure everything functioned as it 
should, a diode monitor was added 
that sampled the carrier and the side¬ 
band signal. 

So there it was! A breath-taking 
new concept that eventually would 
change Amateur Radio and commer¬ 
cial high-frequency communications 
techniques. But did this startling 
technique ever appear in QS7? A look 
through the 1938 index and a search 
of the individual issues of the maga¬ 
zine reveal nothing. What had hap¬ 


pened to the great idea? 

In a personal discussion with Jim 
Lamb (now living in California), I 
learned that the idea had been re¬ 
jected by the General Manager of the 
League, at that time Kenneth War¬ 
ner, because there was no interest in 
single sideband among Amateurs: 
the concept was too complex for 
Amateurs to understand, and the 
transceiver would be too expensive to 
build and too complicated to align. 
Thus the transceiver slumbered for 
two decades until postwar interest in 
this novel means of communicating 


brought SSB into the Amateur bands 
to stay. 

QSTcomfortably avoided SSB until 
the fall of 1947, when Mike Villard, 
W6QYT, and Art Nichols, W0TQK, 
appeared on SSB working Amateurs 
on 80 and 20 meters. (Before this 
date, one or two experimental Ama¬ 
teur SSB stations had been on the air, 
but their transmissions seemed not to 
be of general interest.) Now, the time 
was ripe. The January, 1948, issue of 
QST editorialized on the virtues of 
"single-sideband, suppressed car¬ 
rier" transmission, and actual opera¬ 
tional SSB equipment was featured. 
But by now Jim Lamb had left the 
League; it would be up to others to 
carry forward his far-sighted commu¬ 
nications concepts. 

a six-element wide¬ 
band beam for 10 

As every 10-meter enthusiast 
knows, it is a difficult task to cover 
the whole 10-meter band with most 
of the common Yagi or quad antenna 
designs. If the beam is tuned at, say, 
28.6 MHz for operation at the lower 
end of the band, gain and front-to- 
back ratio start going to pot near 29 
MHz — and at the top end of the 
band, 29.7 MHz, the beam is relative¬ 
ly worthless. The same is true for 
beams peaked at the high end of the 
band: operation is severely hampered 
at the low-frequency end. 

JH1ZGA, a Japanese Amateur 
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writing in CQ-ham radio magazine 
(Japan), has solved this problem with 
an adaptation of the log-periodic prin¬ 
ciple to the Yagi antenna. He de¬ 
scribes a homemade LPY (log-period- 
ic-Yagi) beam consisting of four LPY 
elements plus a reflector and a direc¬ 
tor (fig. 3). The beam is easy to build, 
requires no adjustment, provides 
nearly uniform gain across the band, 
and exhibits an SWR figure ranging 
from about 1.5-to-1 at 28.0 and 29.7 
MHz to 1.l-to-1 at the design fre¬ 
quency. of 28.6 MHz. Now, that's 
hard to beat! 

The beam is built on a 2-inch (5- 
cm) diameter boom, 15 feet 8 inches 
(4.8 meters) long. The elements are 
tapered, made of telescoping sec¬ 
tions of aluminum tubing, the largest 
sections being 1 inch (2.5 cm) in di¬ 
ameter and the smallest being about 
7/8 inch (2 cm) in diameter. Element 
lengths and spacings are given in the 
drawing. 

The transposed transmission line 
running between the elements is 
made of 1/4-inch-diameter tubing, 
with the ends flattened to fit over the 
inner mounting bolts of the elements. 

The reflector and director elements 
are clamped directly to the metal 
boom, whereas the four driven ele¬ 
ments of the log-periodic cell must be 
insulated from the boom. There are a 
number of ways of doing this. The 
original JH1ZGA design calls for the 
elements to be slipped within a short 
length of plastic (PVC) conduit pipe, 
as shown in fig. 4. The conduit is 
then affixed to the boom by means of 
a U-bolt and mounting plate. 

Impedance at the feedpoint (F-F) is 
about 200 ohms, so a 50-ohm trans¬ 
mission line and a 4-to-1 balun trans¬ 
former are used to provide a good 
match. 

Since the log periodic cell of four 
elements provides gain, as do the 
parasitic elements, the overall gain 
figure of the beam is approximately 
equivalent to that of a six-element 
Yagi. Best of all, the gain and front- 
to-back ratio are realized across the 
whole 10-meter band. 


a word to the wise 

The winter season is coming, with 
rain, snow, wind, and ice. Before the 
onslaught of bad weather it is a good 
idea to examine your antenna installa¬ 
tion to make sure it will stay up when 
bad weather hits. The before and 
after photos of figs. 5 and 6 show 
what happened to one East Coast 
Amateur whose enthusiasm for a big 
signal was greater than his ability to 
install a proper support structure. The 
90-foot telescoping tower had three 
stacked monoband beams mounted 
on a heavy steel mast protruding 
from the top of the tower. A huge ro¬ 
tator was mounted at the top of the 
tower, too. The tower was firmly an¬ 
chored at the base and house roof, 
and was self-supporting. But the de¬ 
signers of the tower clearly indicated 
in the data sheet what the maximum 
wind loading for the tower was; it 
was ignored. The result was that the 
tower twisted in heavy gusts of wind 
and the whole schmeer came crash¬ 
ing down one stormy night. Luckily, 


the mess landed in the yard and no 
one was injured. 

The unlucky Amateur is now back 
on the air with his big beams, but the 
whole antenna installation has been 
redesigned by a certified mechanical 
engineer to make sure that it will 
withstand winter weather. 

You may not have a problem as se¬ 
rious as this, but the moral is clear - 
make sure your antenna installation is 
robust enough to withstand the com¬ 
ing winter storms! 

more on interference 

My remarks last month on RFI 
(radio frequency interference) merely 
touched the tip of the iceberg. RFI is 
rapidly getting out of hand. RFI is a 
double problem that comprises both 
interference to communicators (Ama¬ 
teurs, CBers, and commercial com¬ 
munication circuits) and interference 
to others by communicators. 

RFI travels from place to place by 
radiation, induction, or conduction. 
Radiation is electromagnetic propa- 



fig. 5. July. 1980. The high-power antenna farm of a prominent East Coast DX- 
er before the winter storms hit. The self-supporting crankup tower held stack¬ 
ed 20-, 15-, and 10-meter arrays, a heavy-duty rotator, and a side mounted 2- 
meter beam. All worked well until. 
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gation through space. Conduction is 
transmission through an electrical cir¬ 
cuit. Induction is transmission by 
means of a magnetic field. Transmis¬ 
sion of RFI by an electrostatic field is 
also possible. 

In practical terms, this means that 
radio noise can be radiated from the 
source to a nearby receiver, or can be 
coupled to the receiver through a 
common power source, or radiated 
from the power line to the receiver, or 
induced by proximity of source and 
receiver power lines. 

■RFI can be cured or attenuated in 
the majority of cases by a systematic 
investigation of the noise source and 
the transmission path. An important 
tool in the investigation of power-line 
RFI is a portable, multiband, battery- 
operated receiver with a built-in loop- 


stick antenna. The directional proper¬ 
ties on the broadcast band of such a 
receiver will indicate a direction in 
which the interference source prob¬ 
ably lies. Driving about an area "in¬ 
fested" with power-line noise usually 
provides a general indication of the 
noise source. 

An important point to remember is 
that the area blanketed by interfer¬ 
ence is inversely proportional to the 
frequency of reception. That is, the 
closer the investigator gets to the 
noise source, the higher in frequency 
it can be heard. Thus, while listening 
a great distance from the noise 
source, it may be heard in the broad¬ 
cast band but cannot be heard at, say 
5 MHz. Drawing closer to the source, 
it can then be heard at 5 MHz but not 
at 30 MHz. Drawing still closer, the 


noise may be loud at 30 MHz, but 
barely audible at 100 MHz. At this 
point, the search can be shifted into 
the fm broadcast band (88-108 MHz) 
or into the Amateur 2-meter band. 

Interference caused by radio trans¬ 
mitters of all types can be tracked in 
much the same manner with a direc¬ 
tional antenna, although tracking is 
done on the frequency of transmis¬ 
sion (or on a harmonic frequency). 
Perseverance, experience, and sever¬ 
al receivers in an automobile can 
work wonders in the interesting and 
practical art of RFI tracking. 

the spark discharge 

The spark discharge is a common 
source of radio noise and TV interfer¬ 
ence, and it can be generated by a 
number of sources. The discharge 
sounds like a buzzing, rasping, pop¬ 
ping noise, and appears as a band of 
horizontal dot-dash lines moving 
slowly up the screen of a television 
receiver. The width and intensity of 
the lines are dependent upon the 
strength and severity of the interfer¬ 
ence. 

One prolific source of radio noise 
caused by spark discharge is the neon 
sign. High voltage is required to oper¬ 
ate a neon sign, and radio noise can 
be caused when the neon pressure in 
the sign drops, causing flickering. 
The on-off ionization of the gas 
causes the radiation of a rough, 
spark-like radio noise that can travel 
fora great distance. 

WA6FQG, Bill Nielson, an experi¬ 
enced RFI investigator, discovered 
bad interference on his own ham set 
one day. With the aid of his rotary 
beam he found the general direction 
of the noise and tracked it to a neon 
sign more than three miles distant. It 
was an animated sign over a night¬ 
club. First, the letters TOP would 
flash, followed by the letters LESS, 
and then the complete word TOP¬ 
LESS wou\d flash. 

Bill told the owner of the sign that 
it was causing severe interference to 
radios in the vicinity, but the owner 
couldn't care less. He told Bill that he 



fig. 6. The winter storms hit. and the tower fractured at mid-joint. Luckily, r 
one was injured when all of this metel tumbled down from the sky. Is your ai 
tenna designed to stay up? 
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was probably the ham they were al¬ 
ways hearing on the stereo whenever 
the topless dancers were at their 
best. 

The sign is still flashing, but, lucki¬ 
ly, Bill was planning to move away 
soon. Information Bill provided about 
RFi filters and sign maintenance fell 
on deaf ears. The dancers are still 
twirling their tassels and the neon 
sign flickers to this day. You win 
some, you lose some. 

Bill Nelson is one of the nation's 
top-notch RFI investigators, who's 
done this type of work for over two 
decades for a large California public 
utility. He's summed up his vast 
knowledge of RFI in a new handbook, 
Radio Frequency Interference (Radio 
Publications, Wilton, Connecticut 
06897). It's available from Ham 
Radio's Bookstore, Greenville, New 
Hampshire 03048, for $8.95 plus 
$1.00 for shipping and handling. I've 
had a pre-publication look at Bill's 
book and it is good. 

an interesting 
observation on TVI 

Interference caused by harmonics 
of the television receiver's sweep os¬ 
cillator can be a nuisance on the 
Amateur high-frequency bands. They 
were not much of a problem to me on 
20 meters, but recently when I tried 
80 meters, the devilish buzzing sig¬ 
nals nearly obliterated the band. 
While gazing at the TV receiver and 
wondering what to do, I noticed that 
the receiver has a three-wire, 120-volt 
power cable and that it was plugged 
into a two-pronged wall outlet. An 
adapter plug was used that matched 
the three-prong TV plug to the wall 
plate. The ground wire of the three- 
wire cable was attached to a pig-tail 
on the adapter. I noticed the pig-tail 
had not been grounded to the con¬ 
duit bolt on the wall plate, but left 
hanging in midair. 

Grabbing a screwdriver, I immedi¬ 
ately attached the pig-tail to the wall 
plate bolt (fig. 7). Checking my re¬ 
ceiver on 80 meters, I noted happily 
that the S-meter reading on the TV 



oscillator harmonics had dropped 
nearly a quarter-scale! In 20 seconds 
of work I had reduced the racket from 
unbearable to merely annoying! 
Moral: Check your TV receiver. If the 
ground prong of the power plug is 
not grounded to the equipment 
ground wire of your wiring system, it 
would be a good idea to make this 
connection. 

A few days later I tossed but the 
two-prong wall plate and substituted 
a new three-prong plate which auto¬ 
matically grounded the equipment 
ground wire of the TV power cord. 
Since modern appliances are all 
equipped with a three-wire power 
cable, examine your wall receptacles. 
If they have two conductors plus an 
equipment grounding wire, replace 
the old two-connector receptacles 
with modern three-connector de¬ 
signs. Wiring instructions are in¬ 
cluded with the new receptacles. 

ham radio 
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communications receivers 

for the year 2000 


Feedback amplifiers, 
i-f filters, i-f detectors, 
frequency synthesizers: part 2 


Part 1 of this article, which appeared in the No¬ 
vember, 1981, issue discussed new approaches to re¬ 
ceiver design, microprocessor applications in receiv¬ 
ers, input filters, and input mixers. In this, the second 
and final part, I address feedback amplifiers, i-f fil¬ 
ters, i-f detectors, and frequency synthesizers. 

feedback amplifiers 

The grounded field-effect transistor circuit using 
the CP643 has an intercept point of 35-40 dBm rela¬ 
tive to the output, which means that the gain (about 
10 dB) must be deducted from the input. The noise 
figure depends on the source resistor. If the driving 
source is in the vicinity of 50 ohms, the noise figure 
will be about 3 dB. To get a lower noise figure a high¬ 
er drive impedance is required. 

Texas Instruments in Germany made a high-power 
field-effect transistor called the P8000, then replaced 
it with the P8002. This transistor has about 2-dB 
noise figure when driven at 50 ohms. In addition, it 
uses a special metal housing and can dissipate more 
heat. This transistor appears to have been discon¬ 
tinued, but some are available from me (send an 
SASE). 

A further reduction in noise with the same inter¬ 
cept point can be obtained by using feedback. The 
BFT66, made by Siemans (about $3 each) exhibits a 
noise figure of about 1 dB and an intercept point of 
almost 40 dBm when used in the feedback circuit 
shown in fig. 6. 

Noiseless feedback circuit. The circuit can be ana¬ 
lyzed under the simplifying assumption that the com¬ 
mon-base transistor has an input impedance of 5 


ohms, an infinite output impedance, and unity cur¬ 
rent gain, while the transformer is considered to be 
ideal. With these assumptions, it can easily be shown 
that a two-way impedance match to Z„ will be ob¬ 
tained if the transformer ratio is chosen such that 
n = m 2 -m-l. With this choice the power gain will 
equal m 2 , the load impedance presented to the col¬ 
lector will be Z„ (n + m), and the source impedance 
presented to the emitter will be 2 x Z„. 

Usable turns ratios are obtained for m = 2, 3, and 
4, yielding gains of 6, 9.5, and 12 dB and load impe¬ 
dances of 3, 8, and 13 x z 0 respectively. 

It is seen that, similar to a conventional common- 
base amplifier, the gain of the stage is determined by 
the ratio of load impedance, Z ,, to the input impe¬ 
dance, Z in . In this case, the gain is given by 
Z,/Z in + 1; whereas it is just Z,/Z in in the conven¬ 
tional configuration. The significant difference is that 
the transformer-coupled device provides a two-way 
impedance match, which is obtained by coupling the 
load impedance to the input and the source impe¬ 
dance to the output through the action of the trans¬ 
former. 

The dynamic range considerations for this device 
are similar to those of the directional-coupler circuit 
but with some important differences. First, the oper¬ 
ation of the circuit depends on the completely mis¬ 
matched conditions presented by the transistor to 
the circuit; that is, the emitter presents a short circuit 
and the collector an open circuit. Hence there is no 
requirement to introduce resistive elements for impe¬ 
dance matching as there was in the directional-coup¬ 
ler circuit. Therefore, a noise figure advantage is ob¬ 
tained with this circuit. Secondly, the source impe¬ 
dance of 2 x Zo presented to the emitter tends to 
give optimum noise figures. Finally, despite the small 
currents involved, relatively large output powers can 
be provided because of the high load impedance, 
which goes along with the higher gain versions. 

The main disadvantage of the circuit is that the 


By Dr. Ulrich L. Rohde, DJ2LR, 52 Hillcrest 
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high load impedance tends to limit the bandwidth. 
Nevertheless, sufficient bandwidth can be achieved 
to provide broadband i-f gain with noise figures com¬ 
petitive with those which could previously be ob¬ 
tained only in very narrowband units. 

As it is desirable to keep the dc operating level over 
a wide temperature range, an additional bias circuit 
was developed that maintains almost temperature-in¬ 
dependent biasing. 

Two-stage low-noise amplifier. Fig. 7 shows a 
two-stage amplifier that will operate up to 1,000 MHz 
using this low-noise technique. The output lowpass 
filter prevents harmonics from occurring at the out¬ 
put. If this circuit is used as the second i-f following 
the crystal filter of a receiver and drives the second 
mixer to obtain a lower i-f of, say, 9 MHz, we don't 
want any harmonics at the output that may cause in¬ 
termodulation distortion products. 

Two BFT66 stages are shown cascaded; the first 
with temperature-compensating bias. Depending on 
the turns ratio of transformers T1 and T2, different 
gains can be obtained. It's desirable to place the tap 
at the output transformer output so that the trans¬ 
formed input impedance is equal to 50 ohms. 

Several other combinations of this amplifier are 
possible, and its significant advantage over previous¬ 
ly published circuits is that it uses transformer, or 
"noiseless," feedback rather than resistive feedback, 
therefore the noise figure is substantially lower. 

high-dynamic-range amplifiers 

Conventional amplifiers built from single-stage cir¬ 



cuits suffer from in-band intermodulation distortion, 
and the previously described noiseless feedback cir¬ 
cuit can only be set at gain values depending upon 
even turn ratios, as discussed. 

Let's look at fig. 8, in which we see the second 
mixer of a receiver where the first i-f is converted to a 
lower i-f such as 9 MHz. The output of the second 
mixer operates into a diplexer and, therefore, splits 
up the energy. The drive into the amplifier is 
therefore reduced by 3 dB, as only one sideband is 
available. 

We find the familiar BFT66 circuit and a PNP/NPN 
output stage. Since this stage really is an emitter fol¬ 
lower, its inherent feedback keeps the distortion low 
and the low drive impedance allows matching into 
various impedances. 

This circuit is driven from the high-input-impe¬ 
dance point (collector) of the BFT66. To prevent any 
changes in output impedance, the output transform¬ 
er of the BFT66 is terminated with 56 ohms. As a re¬ 
sult, the PNP/NPN circuit has power gain, very little 



J 


fig. 7. Two-stage amplifier with two BFT66 transistors that can be used as a mixer termination. 
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feedback, and extremely low distortion. The noise 
figure is now determined by the BFT66 stage, and 
the second stage contributes very little. The other 
advantage of this circuit is that there are no tuned cir¬ 
cuits; therefore, it can be used from a few hundred 
kHz to almost 100 MHz. This makes this circuit 
design very useful. 

i-f filters 

I mentioned earlier that there is a distinct differ¬ 
ence between static and dynamic selectively. Static 
selectivity of a filter is defined as the selectivity one 
measures if a point-to-point measurement is taken 
and the curve is then plotted. If this is done more 
rapidly and we start to sweep the filter, then depend¬ 
ing upon the sweep time the picture is going to 
change. 

First, the filter shows a delay, which means it takes 
a certain number of milliseconds or microseconds be¬ 
fore the signal arrives at the output. From the use of 
noise blankers, we note that a crystal in the receiving 
passband acts as a pulse stretcher, which means that 
the pulse of extreme amplitude and longer duration is 
changed into one of considerably lower amplitude 
and substantially lower duration. This effect is equal 
to the ringing noticed in reception of Morse code. 

From the literature we know that several crystal fil¬ 
ter types are available. Originally, one started out 
with mechanical filters, and the earlier mechanical fil¬ 
ters also exhibited excessive ringing. The dynamic re¬ 
sponse of a filter is determined by its design. A filter 
with a rectangular-shaped response has the highest 


selectivity and the highest ringing. 

Let's consider a 200-Hz CW filter with a shape fac¬ 
tor of 3 and a substantial phase jump on the corners, 
which therefore results in excessive nonlinear distor¬ 
tion and ringing. In my recent paper, 3 I presented 
several crystal filter computer programs and showed 
how to design crystal filters that avoid this ringing. 

First of all, from filter theory, it is known that a 
single-tuned circuit has the least amount of ringing 
but insufficient selectivity. To duplicate a 6-8 pole 
crystal filter, 6-8 discrete tuned circuits isolated by an 
amplifier are required. This is called synchronous 
tuning, and modern spectrum analyzers are still using 
this approach. If the bandwidth must be changed, 
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each filter circuit must be tuned with a tracking cir¬ 
cuit, which makes these analyzers expensive but 
gives perfect response. Mathematically, the equiva¬ 
lent of such a filter is "Gaussian shaped." It has the 
poorest selectivity but the best pulse response. 

It should be noted that, for Amateur purposes, 
both CW and SSB are basically pulse-type modula¬ 
tion. In both cases, there is no carrier and no cons¬ 
tant level. However, in the case of single sideband 
signals, several frequencies of different amplitude are 
available simultaneously. The human voice has har¬ 
monics, and if the circuit introduces distortion, we 
have a wider or splattered signal. Therefore, the 
single-sideband filter energy both inside the band¬ 
width and outside the bandwidth bounces against 
the skirts. 

Let's take a look at fig. 9, which shows the three 
most important types of filter curves: Bessel re¬ 
sponse, flat delay, and Chebyshev. The Bessel re¬ 
sponse is an approximation of the Gaussian filter 
with improved skirt selectivity. The flat delay filter ex¬ 
hibits a constant group delay, or a group delay with 
an extremely small ripple. As a result, the pulse re¬ 
sponse and skirt selectivity are excellent. The disad¬ 
vantage of this filter is its somewhat higher insertion 
loss. Finally, as a comparison, we see the Chevyshev 
filter with the familiar flat top in the passband, while 
the flat-delay filter shows a slight dip. 

These filters are based on certain mathematical 
equations, as is the elliptical filter, which is not ellipti¬ 
cal in the sense that it looks elliptical, but rather cer¬ 
tain equations, called elliptical integrals, are used to 
calculate its characteristics. Modern computers and 
desktop calculators use these filters. I am currently 
evaluating some new types of filters that are com¬ 
puter optimized and easy to build. 

The ultimate rejection of these filters is an impor¬ 
tant parameter, and also the termination on both 
sides affect performance. It is therefore very impor¬ 
tant how these filters are inserted into the circuit. 
Fig. 10 shows a recommended method using switch¬ 
ing diodes and having a provision to adjust for the dif¬ 
ferent gains at the different bandwidths. The Ger¬ 
man company, KVG, makes excellent filters. Their 
CW filter, XF9NB (available from Spectrum Interna¬ 
tional), has a superior ringing performance. 

For single sideband we find only one filter. If we 
change both the BFO as well as the second LO fre¬ 
quency in the receiver by 3 kHz, we can eliminate the 
second filter and still maintain a correct dial reading. 
In the section on frequency synthesizers, I show a 
simple circuit that can be used for the second LO and 
the BFO to shift the crystal frequency against an in¬ 
ternal standard — a less expensive solution than 
using two filters. 



40 QS December 1981 









i-f detectors 

Multimode receivers require a-m, fm, and SSB de¬ 
tectors. Since we want the audio at the same level, 
gain adjustments must be provided. Probably the 
best and least expensive solution for this problem is 
to use the SL624 Plessey 1C. This chip contains the 
detection circuits for all three modes of operation. 

Another attractive solution is to use the SL624 for 
fm only and the SL623 only for SSB and a-m, which 
allows somewhat greater flexibility in the design pa¬ 
rameters. A third solution is to use the SL640/41 as 
the product detector if only SSB is required. This 
product detector requires the least amount of com¬ 
ponents but is not used very frequently. While it is 
more forgiving as far as high i-f levels are concerned, 
it is also less well known. A summary of i-f circuits is 
found in reference 4. 

frequency synthesizers 

Earlier I mentioned that we need a synthesizer for 
the BFO and for the LO. Having the BFO and LO syn¬ 
thesized allows i-f shifts and/or allows the use of the 
2.4-kHz filter for both upper and lower sideband. Fig. 
11 is the schematic diagram of a synthesizer with a 
voltage-controlled crystal oscillator that is used as 
the second LO, and the 66-MHz crystal can be pulled 
± 1.5 kHz. The same technique can be used to build 
a BFO synthesizer by expanding the number of 
dividers and using a "soft" 9-MHz crystal. It is possi¬ 
ble to pull a 10-MHz crystal about 1 or 2 kHz, and if 
the reference fequency is set at 100 Hz, this should 
be sufficient resolution to build an i-f shift system. 
New approaches are being developed to design sim¬ 
pler synthesizers. The most important is the frac- 
tional-AT synthesizer, which is discussed below. 

Conventional single-loop synthesizers use frequen¬ 
cy dividers in which the division ratio, N, is an integer 
between 1 and several hundred thousand, and the 
step size is equal to the reference frequency. Be¬ 
cause of loop-filter requirements, the decrease of ref¬ 
erence frequency automatically means an increase of 
settling time. 

It would be unrealistic to assume that a synthesizer 
with a reference lower than 100 Hz can be built, be¬ 
cause the large division ratio in the loop would re¬ 
duce loop gain so much that tracking would be very 
poor and the settling time would be several seconds. 

If it were possible to build a frequency synthesizer 
with a 100-Hz reference and fine resolution, this 
would be ideal because the VCO noise from 2 or 3 
kHz off the carrier could determine the noise side¬ 
band; while the phase noise of frequencies from bas¬ 
ically no offset from the carrier to 3 kHz off the carrier 
would be determined by the loop gain, division ratio. 


and reference. Because of the higher reference fre¬ 
quency, the division ratio would be kept smaller. 
Traditionally, this conflicting requirement has 
resulted in multiloop synthesizers. 

An alternative would be for N to take on fractional 
values. The output frequency could then be changed 
in fractional increments of the reference frequency. 
Although a digital divider cannot provide a fractional 
division ratio, ways can be found to accomplish the 
same task. The most frequently used method is to 
divide the output frequency by N + 1 every M 
cycles and to divide by N the rest of the time. The ef¬ 
fective division ratio is then N + 1/M, and the aver¬ 
age output frequency is given by: 



This expression shows that f 0 can be varied in frac¬ 
tional increments of the reference frequency by vary¬ 
ing M. The technique is equivalent to constructing a 
fractional divider, but the fractional part of the divi¬ 
sion is actually implemented using a phase accumu¬ 
lator. The phase accumulator approach is illustrated 
by the following example. 

Consider the problem of generating 455 kHz using 
a fractional-/V loop with a 100-kHz reference frequen¬ 
cy. The integral part of the division is N = 4, and the 
fractional part is 1/M = 0.55 or M = 1.8 (M is not 
an integer). The VCO output is to be divided by five 
(N + l ) every 1.8 cycles, or 55 times every 100 
cycles. This can be easily implemented by adding the 
number 0.55 to the contents of an accumulator every 
cycle. Each time the accumulator overflows (con¬ 
tents exceed 1), the divider divides by five rather than 
four. Only the fractional value of the addition is re¬ 
tained in the phase accumulator. 

Arbitrarily fine frequency resolution can be ob¬ 
tained by increasing the size of the phase accumula¬ 
tor. For example, with a 100-kHz reference frequen¬ 
cy, a resolution of 10 ! /10* = 1 Hz can be obtained 
using a 5-BCD accumulator. 

This technique is being used in the Racal RA6790 
and in some Hewlett-Packard signal generators. A 
more detailed description of this can be found in ref¬ 
erence 5. Research engineers at Phillips have recent¬ 
ly used a similar technique and have built a two-chip 
frequency synthesizer, HEF 4750 and HEF 4751, 
which is being distributed by Signetics. With these 
two chips and very little external circuitry, it is possi¬ 
ble to build a synthesizer system to more than 1000 
MHz with 100-Hz step size. As the single-loop syn¬ 
thesizer is the cleanest of all the synthesizers, and as 
the noise sideband depends highly on the VCO, this 
new technique will mean a reduction in price and an 
increase in performance of simple synthesizers. 

Signetics has several good application reports 
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available for this synthesizer device. Its prime advan¬ 
tage is that a single-loop synthesizer can be built that 
uses a reference such as 1 kHz, and a resolution or 
step size of 100 Hz can be obtained, which is ten 
times the resolution. This is done in a technique simi¬ 
lar to that of the fractional N, and the lockup time is 
determined by the 1-kHz reference loop filter rather 
than the 100-Hz filter system. 

As the VCOs are so important, fig. 12 shows a 
combination of three VCOs, each covering 10 MHz. 
They can be used for a 10-kHz to 30-MHz receiver 
with a 75-MHz i-f. The coarse tuning can be accom¬ 
plished using a digital/analog converter, and the fine 
tuning can be done by the synthesizer. It is recom¬ 
mended that a two-bit D/A converter be used, which 
means that the frequency is coarse and preset with 
100 kHz. 


L. Rohde, DJ2LR. "I f A 
>s 10-19. 
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the rf-power distributor 


Another method 
for routing rf signals 
in your station 

The problem of rf-power distribution in an 
Amateur Radio station has been solved using many 
methods. While visiting other Amateur stations I've 
observed techniques ranging from manually oper¬ 
ated patch cords to the complex, remotely operated, 
coaxial-relay box. 

The rf-power distributor described here will appeal 
to any Amateur who has several coaxial cables enter¬ 
ing his station and the choice of operating more than 
one transmitter. The unit offers fingertip selection for 
instant optimizing of any antenna and transceiver 
combination. It is virtually maintenance free. 

typical problem 

I have two types of transceivers and three different 
antennas, each having a feed line. Many Amateurs 
have worked themselves into a similar situation by 
adding one antenna at a time followed by a long 
lapse before the next installation. This action results 
in a big outlay for coaxial cable, which has been care¬ 
fully routed down towers, around eaves, and 
through wall-connecting boxes. 

I do recognize that this problem is easily resolved 
by installing an antenna relay control box, thus elimi¬ 
nating all but one feedline. But with all my feedlines 
semi-permanently in place (and their expense being 
history), I chose to place the rf-power distributor in 
the station on the operating table. Indoor placement 
of this control also eliminates the possibility of relay 
malfunctions because of moisture and other 
problems. 



obtaining parts 

With a well-supplied junk box or a few visits to 
local hamfests, this project can be produced with a 
minimum of cost in just a few evenings. The main 
parts are a handful of SO-239 connectors and two 
good-quality ceramic rotary switches. The antenna 
rotary selector switch preferably should be the type 
that shorts out all but one position. This is a good 
feature that can be used to ground all but one antenna. 

For the cabinet I used a 5x7x 2-inch (12x 18x 5 
cm) inverted aluminum chassis. The removable top 
was cut and formed from a piece of vinyl-covered 
aluminum. I wired the unit with No. 14 AWG (1.6 
mm) bus wire using direct routes. The schematic is 
shown in fig. 1. 

construction notes 

Two auxiliary positions were included: one for 
each of the selector switches. I had a limited amount 
of rear panel space for the connectors, so I wired my 
auxiliary connector to the antenna selector. If you 
have more than two rigs and no auxiliary antenna, a 
simple rewiring job can accommodate your situation. 
The front panel (photo) is labeled to satisfy either 
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Front view and rear view of the home made rf-power 
distributor. 


condition. Of course, if you use a larger chassis, the 
problem will disappear with added connectors.* 

The chassis was finished with several coats of DS- 
GM-283 Green Dupli-Color™ automotive paint. 
Remember to mask the connector openings to pre¬ 
vent the paint from forming an insulator. The project 
was completed by installing four rubber feet and a 
pair of Heathkit knobs. I also included a selector posi¬ 
tion for my dummy load. For troubleshooting and 
off-the-air tune-ups this position has been used many 
times. 

Most of my coax cables are the larger type RG- 
8/U. As a result, they influence the natural resting 
position of the unit. I solved this problem by sand¬ 
wiching the unit between my rotator control box and 
speaker cabinet. 

The ceramic rotary switches have a dc-current 
capability of 3 A. This is adequate for any input- 
power level up to the legal limit. I use these switches 
to carry power levels varying from 3 to 1000 W input 
with no contact degradation or change in the stand¬ 
ing-wave ratio. By quickly selecting the proper 
antenna, I can optimize my station for the band 
conditions at the moment. 

Commercial coaxial-switch boxes have been avail¬ 
able for many years. Two of them, at considerable 
cost, would provide this function. On the other hand, 
the rf-power distributor described here will do the 
same job and demonstrates that practical equipment 
can be inexpensive. 

*ln this case, you might want to break the line between SI and S2 in fig. 1 
and add two connectors to accommodate accessories such as an swr 
bridge or antenna matcher. Editor 
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the half-square antenna 


Practical information 
on feeding and operating 
this popular radiator 

The half-bobtail or half-square antenna has 
begun to receive a substantial amount of attention in 
recent Amateur publications. This versatile antenna 
has yet to make the impression it deserves in actual 
field use, however. This is due, in my opinion, to a 
lack of practical information regarding methods of 
feeding it. 

The purpose of this article is twofold. First, it is to 
discuss examples of feed systems for the half-square 
antenna that are currently in use at several stations in 
widely varying environments. Second, it explores the 
virtues of this antenna as a multiband performer. 

The theory of operation of this antenna has been 
discussed by Ben Vester, K3BC. 1 Interested readers 
may refer to the bibliography for additional back¬ 
ground. 

feed system 

The basic layout of the antenna is shown in fig. 1. 
Of primary interest to most Amateurs (beyond per¬ 
formance) is how to connect the coax and get the 
antenna fired up. 

Several feed methods have been examined in 
terms of available parts, weathering, and ease of 
adjustment. By far the simplest is the parallel-tuned 
tank circuit (fig. 2). 

Network LI Cl should resonate at the desired 
operating frequency. The values of LI and Cl are 
calculated by: 


LC = (D 

P 

where L = inductance (mH) 

C = capacitance (pF) 

/ = frequency (MHz) 

A large value of L for a given frequency is 
desirable, because it decreases the Q. of the LC net¬ 
work, thus increasing the bandwidth of the feed- 
point. A value of 13 /tH was chosen for L; therefore, 
for Cat 7.15 MHz: 

C = WO//” 2 - 38 .! P P (2) 

In practice, a few additional turns for LI are needed. 
So two or three turns are added (3 jiH) to the calcu¬ 
lated value for LI. In my case, L is made of 15 turns 
of B&W No. 3033 3-inch (7.6-cm) diameter coil 
stock, but any 15-/iH coil of No. 14 (1.6 mm) or larger 
wire will handle a kilowatt output. 

Coils are easy to procure or wind, but capacitors 
are expensive, difficult to find, or both. Also, should 
a variable capacitor be desired for Cl, weather¬ 
proofing becomes a problem. Because of these con¬ 
straints, I chose a homemade capacitor that could be 
made from inexpensive RG-8/U coax and easily 
weather-proofed with silicone sealant. 

The capacitor value is calculated using eq. 2, and 
the appropriate length of RG-8/U cable is determined 
by the distributed capacitance listed in the literature 
for the properties of common transmission lines. For 
RG-8/U the value is approximately 30 pF/foot (98.4 
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pF/meter). Therefore, if 38 pF is required, the 
desired length is found by dividing the capacitance 
per unit length for RG-8/U into the desired number 
of picofarads. That is, 30 pF/12 inches = 2.5 pF/ 
inch (0.98 pF/cm), SO that 38 pF/2.5pF/inch = 15.2 
inches or 38.6 cm. A 15.2-inch (38.6 cm) length of 
RG-8/U will provide a 5-kV capacitor at inconse¬ 
quential cost. Weather-proofing is important. 

It is important to note, however, that until the seal¬ 
ant has cured, it is not an insulator and will short out 
the capacitor at the treated ends. The capacitor need 
not slow the project down; rather, it can be assem¬ 
bled and weather-proofed first and set aside to cure 
while the rest of the project is carried out. 

Refer to fig. 3 for capacitor details. The capacitor 
is formed by the center conductor on one end and 
the shield on the opposite end. Treat both ends (ex¬ 
cept for the wire at the connection point) liberally 
with silicone sealant. This produces a reliable capaci¬ 
tor that will stand high power levels. 

The feed system is completed by the input tap set¬ 
ting. A good initial setting is to tap up from the 
ground side two to three turns for 50 ohms. By using 
an SWR bridge at the antenna, the tap may be set 
exactly for a 1:1 SWR at any part of the band you 
desire. The following is an adjustment procedure that 
has proven effective (refer to fig. 4): 

1. Set input (low-side) tap at 2'k turns up from 
ground. 

2. Set high-side tap at one turn greater than predict¬ 
ed in calculations. 

3. Measure SWR across band and note the low point; 
this is primarily influenced by the high-side tap. If the 
low point is not in the area of the band you desire, 
move the tap higher for a decrease in frequency or 
move the tap lower for an increase in frequency. 



4. Once the low point of SWR has been set at the 
desired portion of the band (no matter what its 
value), proceed to adjust the low-side tap V* to 'A 
turn at a time to get a match of 1.2:1 or better at the 
desired operating frequency. 

I've used this approach in three different environ¬ 
ments. It has resulted in a match of 1.1:1 in no more 
than twenty minutes. 

multiband operation 

As may be seen from the wavelength relationships 
of fig. 1, this antenna, when constructed for 40 
meters, is resonant on several other bands. By mere¬ 
ly changing the feed system slightly, the antenna will 
perform very well on harmonically related bands. For 
example, the 40-meter array may be operated on 20 
meters as a pair of half-wave verticals spaced one 
wavelength apart. While the phasing is not ideal, the 
performance of this antenna is very impressive, given 
the investment of time and money it requires. Table 
1 shows the manner in which the antenna can be 
operated on harmonically related bands and what 
feed point changes are needed. 

performance 

At the time of this writing, this antenna has been 
evaluated in two ways. First, it has been compared 




fig. 3. Construction details for the network capacitor. 
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(by instant switching) with on-site antennas. In com¬ 
parison with a full-wave loop vertically polarized and 
mounted 8 feet (2.4 meters) off the ground, the half¬ 
square array consistently outperformed the loop by 
two to three S-units. There were virtually no instances 
where the loop was superior to the half-square, 
regardless of time of day, bearing, or distance. The 
period of these observations was approximately one 
month of daily use. 

This same comparison, that is, loop to half-square, 
was made in terms of communication effectiveness 
during the recent ARRL phone SS contest. For a 
similar 15-minute period (in the same half hour) the 
half-square array produced over double the number 
of contacts that were achieved with the loop. 


table 1. Characteristics of the half-square antenna as 
an harmonic radiator. Band design; 40 meters. 


Amateur band 
160 meters 


80 meters 


10 meters 


antenna 
operates as 
%X Marconi 

V4X end fed 


half-square array 
pair !4X verticals 
spaced IX 

pair IX verticals 
spaced 2X 


feed 

bypasstuning net¬ 
work and feed 
against ground 
add =100 pF across 
existing coil cap. In¬ 
put tap need not be 
readjusted, 
as designed 
tap coil for fewer 
turns (total). 

Retap input. 

Change tuning cap. 
tap coil for fewer 
turns (total). 

Retap input. 

Change tuning cap. 



In a second comparison, the half-square array was 
compared with a roof-mounted trap vertical with 
eight radials. Again, in virtually every case, the half¬ 
square array was superior. The half-square's superi¬ 
ority was 3 to 5 S-units. 

In my own application, the half-square was com¬ 
pared with a center fed 130-foot (40-meter) dipole, at 
35 feet (10.7 meters), using balanced wire feed and a 
tuner. During the day, the systems were nearly 
equal, with a slight edge given to the dipole. As soon 
as the sun set, however, the half-square array 
emerged as a truly superior, if not an amazing per¬ 
former. My half-square pattern is broadside east- 
west. I frequently operate between 1130 and 1300Z 
from fall through spring. Each morning, I work 
approximately five to ten JAs with a mean signal 
report of 589 using a kW. In addition, I have worked 
VKs, ZLs, H44, and YB9 as well as other scattered 
Pacific and Asian countries. In the recent CQ WW 
phone contest, I was able to compete in the pileups 
with the "big guns" for the very first time. It was rare 
for me to make more than four attempts to raise 
anyone. Countries in Africa and Europe were worked 
during the test as well as in Asia and the Pacific. 

closing remarks 

It seems we may have hit upon a complete anten¬ 
na for a variety of Amateurs. It has proven to give 
high performance for DX as well as being more than 
adequate for normal use. It is efficient and easily fed. 
The half-square array is economical both in terms of 
initial investment and multiband applicability. The 
next time you get the bug to experiment with an 
antenna, try the half-square array. It may end your 
experimental urges (because of its high perform¬ 
ance), or it may further stimulate you to try the 
extended approaches of parallel arrays recommend¬ 
ed by the original author, Ben Vester. See you on 40, 
160, 80, 20 and 10. 
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extending the range of 
the K9LHA 2-meter 
synthesizer 

Although my CMOS 2-meter syn¬ 
thesizer, described earlier in ham 
radio,' tuned only 146 to 148 MHz, 
capability was designed into the cir¬ 
cuit and circuit boards for wider cov¬ 
erage. This was mentioned in my arti¬ 
cle, and it prompted a number of let¬ 
ters asking how to add 144-146 MHz 
coverage. Until recently I'd not tried 
using that capability for a wider tun¬ 
ing range and could only indicate 
how the design was planned. Now, 
having actually modified a synthesiz¬ 
er, I'd like to share the results. 

extending frequency 
coverage 

Extending the range of my synthe¬ 
sizer involves the addition of one or 
two switches and some minor circuit 
changes as follows: 

1. Remove the jumpers under U1 
connected to pins 8 and 9. 

2. Connect the range switching cir¬ 
cuit of fig. 1 to the input pads next to 
pins 8 and 9 of U1. 

3. Change crystal Y2 to 47.3333 MHz. 

4. Change crystal Y1 to Y1 freq. = 
(47.3333 - if/3) MHz. If i f = 10.7 
MHz, Ylfreq. = 43.7666 MHz. 

5. Increase C12 to 39 pF and retune 
the VCO for a tuning voltage of 1.0 
volt at 144.000 MHz in both receive 


and transmit modes by adjusting T1 
and C14. 

6. Readjust T2 and T3 to the new 
crystal frequencies so that you don't 
overdrive the squaring amplifier 
(Q8/Q9). It may be necessary to in¬ 
crease R39 and R43 to 470 ohms or 
so, depending on the activity of your 
crystals. 

7. Increase R25to 1.5k. 

So that you can understand the rea¬ 
sons behind these changes, or im¬ 
prove upon the changes if you wish, 
let me briefly explain their intent. 
First, I suggest you spend a few min¬ 
utes reviewing fig. 2 and the numbers 
directly beneath it in the synthesizer 
article. 1 


potential problems 

A mixer in the synthesizer loop 
means that there are two VCO fre¬ 
quencies that will produce the same 
output frequency from the variable 
divider. Unfortunately, one of the 
two frequencies causes the phase de¬ 
tector to push the VCO away from, 
rather than toward, lock. In fact, lock 
will not occur unless it's forced in 
some way; preventing this condition 
is crucial in the design. One method is 
to restrict the VCO tuning range so 
that the wrong frequency cannot be 
reached; another is to select a high 
mixer i-f, so that the desired and im¬ 
age frequencies are separated as 
much as possible. The receive/trans¬ 
mit pulling circuit also helps since it 
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permits use of two, more precisely 
controlled tuning ranges for the VCO. 

Because the desired and image 
VCO frequencies are separated by 
twice the variable divider input fre¬ 
quency (the "i-f"), the minimum di¬ 
vide ratio plays a very important role 
in avoiding the unlock problem. Un¬ 
fortunately, while a large minimum 
divide ratio is desired, dividers are 
limited in speed capability, and a 
compromise is necessary. I found a 
value of N = 400 worked fine in my 
original design as well as in the full- 
coverage version. 

The formula in fig. 2 (reference 1) 
shows that both receive and transmit 
crystals (Y1 and Y2) must be changed 
to cover the new frequency range, 
and the new frequencies are shown 
here. When the new crystals are in¬ 
stalled the oscillators can be retuned. 

The nature of these oscillators is 
such that they must be tuned to the 
high side of the crystal frequency to 
ensure reliable starting. The slugs of 
T2 and T3 also serve to adjust the 
output level from the squaring ampli¬ 
fier (Q8/Q9). 

tuning transformers 
T2 and T3 

In making this adjustment, I found 
that the squaring amplifier behaved 
very badly if overdriven at the upper 
range of frequencies. It is therefore 
important that T2 and T3 be set so 
that the squaring amplifier just 
reaches clipping level. I also noted 
that T2 and T3 had to be detuned 
considerably from resonance. This re¬ 
sulted in an error in oscillator frequen¬ 
cy. To allow tuning closer to reso¬ 
nance it was necessary to increase 
the value of the two emitter resistors, 
R39and R43, to reduce oscillator out¬ 
put. Again, your need to do this will 
depend upon the activity of your 
crystals. 

Although retuning alone allowed 
the VCO to cover the full 144-148 MHz 
range, the tuning voltage came un¬ 
comfortably close to the supply volt¬ 
age at the top end. Since I wanted to 
keep the tuning voltage within 1.0-5.0 
volts to allow for temperature drift, I 


made a slight increase in the padder 
capacitor value, C12. 

After tuning the synthesizer to the 
top of its new range, I found loop sta¬ 
bility had been degraded and settling 
time was much too long. Therefore I 
increased the loop-filter damping 
resistor, R25, to 1.5k. A check with 
an f-m broadcast receiver showed 
that this change did not make any 
audible increase in sideband noise on 
the synthesizer output. 

variable divider 

The variable divider needs addition¬ 
al control inputs applied to pins 8 and 
9 to tune the synthesizer over twice 
the range, as before. While it's possi¬ 
ble to use another thumbwheel 
switch section for the MHz digit, the 
code required is not BCD; and a code¬ 
changing scheme would have to be 
used. The approach in fig. 1 is simply 
to use an additional toggle switch to 
choose between low (144-146 MHz) 
and high (146-148 MHz) ranges. Al¬ 
though this makes it a bit more diffi¬ 
cult to read the operating frequency 
directly, the cost and complexity are 
much reduced. If you feel there's no 
need for receive and transmit fre¬ 
quencies on opposite sides of 146 
MHz, only one range switch is re¬ 
quired. The input to the switch 
comes from +8 (not +8RX or TX), 
and the four diodes are not needed. 

Here's hoping this information will 
help builders who wanted full band 
coverage. It's been fun hearing from 
builders of my synthesizer, and I'm 
interested in both their successes as 
well as problems. As before, I'll be 
glad to answer questions if accom¬ 
panied by a self-addressed, stamped 
envelope. 

I have plenty of the VCO coil forms 
($1, postpaid, including wire), and I 
understand that RadioKit still has the 
circuit boards and parts available.* 

•RadioKit, Bo* 4tl, Greenville, New Hampshire 
03048. 
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medium-scan television 


Recent developments 
in an interesting Amateur 
Radio communications mode 

In 1968 when Gopthorne MacDonald began experi¬ 
menting with the fundamentals of slow-scan tele¬ 
vision, it was assumed that the only kind of image 
that could be sent over the high-frequency Amateur 
bands was unimportant, low-resolution still pictures. 
Time has passed, and it has turned out that even 
though the pictures are of relatively low resolution, 
now in color, they serve a very important place in 
Amateur communications. 

With the low cost of digital memory today, it is 
certain that higher resolution digital scan converters 
will be designed and built that will improve the pre¬ 
sent quality of pictures by at least one hundred per¬ 
cent. Most of us today know that the original analog 
system did have more resolution than present day 
digital scan converters. 

The real compromise in SSTV is the lack of motion. 
There is a great amount of information in each frame 
of television so that when many frames are transmit¬ 
ted giving motion, the required bandwidth is prohibi¬ 
tive. About the only hope that the Amateur has to 
transmit motion and still keep the bandwidth within 
legal allocations is to examine the image for elec¬ 
tronic sampling "tricks" that can be used to increase 
the apparent motion. 

background 

In 1978 a group of Amateurs consisting of 
W0LMD, W9NTP, WB9LVI, W3EFG, and W6MXV 
applied for a Special Temporary Authorization (STA) 
from the FCC to test a narrow band MSTV system on 
10 meters. Mathematical analysis easily shows that 
even a few fields per second of motion will require 
more than the normal amount of voice bandwidth, 
which is assumed to be about 3 kHz. It is very easy to 
calculate the required bandwidth. It will first be as¬ 


sumed that the horizontal and vertical resolution of 
MSTV will have 128 pixels per horizontal line and 128 
lines per frame. Since it takes two pixels (one black 
and one white to approximate a sine wave) for each 
Hz, the total amount of bandwidth is: 

BW = x 128 x number of frames per second 

The early experiments concerning motion showed 
that the minimum number of frames per second to 
give acceptable motion is 7.5. This results in a band¬ 
width of 65.5 kHz. The only place that bandwidths of 
this size can be found in the high-frequency part of 
the spectrum is on 10 meters. The FCC STA request 
was actually for as large a spectrum bandwidth that 
could be obtained. When the STA was granted, it 
showed that only 36 kHz were available in the vicinity 
of 29.0 MHz. All tests have since been performed on 
29.150 MHz. 

bandwidth restrictions 

Several problems immediately surfaced when 
MSTV was considered to be restricted into this band¬ 
width. First of all, rf-transmission is almost always 
twice the base video bandwidth that is calculated by 
the above formula. Even if the video signal were 
transmitted as single sideband, it would not fit the 
36-kHz spectrum allocation. 

Several approaches are possible. Every parameter 
of the picture must now be considered to be vulner¬ 
able to restriction. If the motion were cut into one- 
half or one-quarter, the signal would fit into the 36- 
kHz band. Tests have shown that the picture be¬ 
comes very jumpy and cannot really be considered 
true motion if the field time or frame rate is dropped 
much below 7.5 frames per second. 

There are many other parameters that can be 
changed to keep the video low in bandwidth and still 
give apparent motion on the screen. Tests have been 
made in which the picture was divided into quarters. 
Only one fourth of the picture was transmitted at any 
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one time. Other tests divided the picture into strips 
and transmitted one strip at a time. Still other for¬ 
mats sent every other line and combined the two 
transmissions similar to commercial interlaced televi¬ 
sion. All these schemes achieved the required 36-kHz 
bandwidth but left serious objectional artifacts on the 
screen that bothered the viewer. 

The most ambitious test was to build a system 
employing a microprocessor that compared one 
stored image to a new image stored at a later time. 
The advantage of this system is that once the original 
image has been transmitted, only the changes need 
be transmitted in the future. Provision was made for 
periodic updates if the original picture had suffered 
interference. This system certainly works, but it is 
questionable that it could be made to work in a noisy, 
10-meter-band environment. There is also the prob¬ 
lem of transmitting the addresses of the changed 
pixels, which are liable to consume as much time and 
bandwidth as the redundant parts of the picture. I 
concluded that a better system for the Amateur is 
one that has a periodic update in all parts of the 
screen that is scanned into the memory rather than 
one that is addressed. 

The Special Temporary Authorization (STA) per¬ 
mission from the FCC, which has been in effect from 
1978, has been renewed by the FCC for an additional 
two year period. The original five Amateurs (plus one 
additional) have been given permission to transmit 
MSTV on 29.150 MHz with a maximum bandwidth of 
36 kHz. These six Amateurs are W0LMD, W9NTP, 
WB9LVI, W3EFG, W6MXV, and N0AB. During 
these two years additional Amateurs can be added to 
the list. Each case will be considered by the FCC 
when permission is requested. I will be glad to work 
with anyone in preparing a request if they enlist my 
help. 

Mathematical analysis shows that the maximum 
field rate that can be used for MSTV under these 
bandwidth restrictions is two fields per second for a 
128-pixel by 128-line television picture. This results in 
a base video bandwidth of 16 kHz. One exception to 
this is the use of wideband single sideband. This will 
be considered in due time when a source of proper 
filters is located. 

Since the last update, various motion formats have 
been tried, and some of the best ones were chosen 
for further tests. These tests have shown that if the 
full raster is transmitted, it is necessary to have an 
effective rate of at least 7.5 fields per second to give 
the illusion of reasonable motion. The 7.5 fields per 
second can be achieved easily by field grabbing at 
one eighth of 60 fields per second. The base band¬ 
width of such an image is 64 kHz, which is far 
beyond the capabilities of the allocated 36-kHz rf 
bandwidth. 


early work 

Some years ago one of the MSTV investigators, 
W3EFG, developed a bandwidth-reduction system 
called Sampledot for his employer (General Electric 
Company). The scheme was demonstrated in various 
mechanizations for several years. Sampledot works 
on the principle of transmitting only a fraction of the 
total number of pixels during any fast scan (60 Hz) 
field time. The chosen pixels for transmission are 
sampled from numerous small areas that are repeat¬ 
ed many times throughout the total field time.The 
samples are taken in a pseudo-random fashion to 
reduce any repeated lines or edges that could result 
from regular sampling times. 

The result is that, since each pixel is not trans¬ 
mitted every time the original field is scanned, the 
chosen pixel can be stretched in time, or "boxcar'- 
ed," to reduce the base video bandwidth. All the pix¬ 
els in the entire field will be sampled after many pseu¬ 
do-random passes through many different 60-Hz 
field times. The effect is to give continuous motion 
on a one partial field basis at less than 60 fields per 
second. 

recent work 

Recently, in the laboratory where various forms of 
adaptive picture bandwidth reduction were being 
tested, we set up the old Sampledot scan converter, 
which had also been converted to a field-grab system 
for comparision. Other digital scan converters were 
also available, to make it possible to demonstrate 
both Sampledot and field-grab systems simultane¬ 
ously. A digital scan converter makes it possible to 
use field rates of other than 60 Hz for further band¬ 
width reduction. These two scan converters were 
coupled together to permit the demonstration of a 
Sampledot image derived from a 7.5-Hz field-grab 
image. 

The image that viewers liked, in terms of minimum 
bandwidth, was a 4/1 Sampledot image at a field 
rate of 7.5 Hz. This gives a potential bandwidth re¬ 
duction of 8x4, or 32. When divided into the 60-Hz 
field rate of the source television image, it results in 
an effective field rate of two fields per second, or a 
base video bandwidth of only 16 Hz (our objective for 
a transmission capability of 36-kHz rf bandwidth). 

This experiment was based on a 128 x 128 pixel 
image. We feel that eventually the image should be 
256 pixels by 128 lines. This means that the base 
bandwidth will be 32 kHz. If it evolves as wideband 
single sideband, the system of field-grab Sampledot 
will work out very well. Remember that no one has 
built this system yet, but the construction should be 
quite simple if you own a two-memory Robot 400. 
See the January 1981 issue of QST for how this can 
be accomplished. 
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fig. 1. Proposed spectrum errengement for the MSTV 
fm system. 


SSB orfm? 

The next standard to be set is the choice of trans¬ 
mission mode. Theory dictates that the maxmium 
base bandwidth signal that can be transmitted 
through a 36-kHz rf bandwidth is 18 kHz. Single-side¬ 
band techniques would raise this to 36 kHz. But it 
would also add many unknowns to the detection and 
generation process; so fm has tentatively been 
chosen for MSTV. 

After much testing of SSTV standards back in the 
60s, the originators decided upon a base bandwidth 
of 900 Hz, a synchronization frequency of 1200 Hz, 
and a white frequency of 2300 Hz. Using some of the 
same logic that was called forth to determine the 
SSTV standards, I would like to suggest as a starting 
point that a particular spectrum be used for further 
tests (see fig.1). If it is found later that other frequen¬ 
cies are more useful, it will be an easy matter to read¬ 
just the oscillators and discriminators for different 
standards. 

reception and transmission 

My suggestion for reception is the modification of 
an existing transceiver. Many tranceivers can be 
modified in this way; one example is the FT-101. This 


transceiver has an i-f output for spectrum analyzers 
or panadapters that is brought out ahead of the SSB 
filter. This low-level i-f signal can be amplified by 
means of solid-state amplifiers. The bandwidth can 
be limited with filters (active, passive, or special 
filters that you might find at hamfests). It does not 
mean that filtering must be done at the frequency 
brought out of the special i-f output. A simple mixer 
and oscillator circuit can translate the signal to the 
frequency of your favorite "bargain" filter (see 
fig.2). (According to information received from the 
"FOX-TANGO club," filters will be available from 
Yaesu.) 

The detection can be done in a manner similar to 
that of the Robot 400. The tuned-filter discriminator 
works very well. The output frequency of some 
transceivers is in the 3-MHz band. Good high-fre¬ 
quency operational amplifiers could be substituted 
for the types in the Robot 400. Of course the active 
filter elements must be redesigned for the new wide¬ 
band MSTV. 

Fig. 2 also contains a block diagram of the sug¬ 
gested circuits for MSTV transmission. If you're in¬ 
terested in building circuits and testing them, get in 
touch with one of the six STA hams previously listed. 
We have no boards, just lots of messy connections 
on the bench, hundreds of ideas, and an enthusias¬ 
tic, creative spirit reminiscent of the way ham radio 
"used to be." Test signals are put on the air every 
Saturday, for the first ten minutes of each hour, 
beginning when the 10-meter band opens (29.150 
MHz). Call in after the ten-minute tests for the latest 
updates, or give us a call on the SSTV net each Sat¬ 
urday at 1800 GMT on 14.230 MHz. 

ham radio 
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short circuits 

dip meters 

In the article entitled "A New Look 
at Dip Meters," on page 28 of the 
August, 1981, issue, varactor diode 
CR2 in fig. 7 should be rotated 180 
degrees; otherwise the bias voltage 
will be returned to ground, and no 
tuning will occur. 

The conversion factor for feet to 
meters in table 1 , page 35 of the 
same issue should be 0.305, not 3.05 
as shown. 

transmission-line design 

Unfortunately, several typographi¬ 
cal errors crept into the mathematical 
equations in the article by H.M. 
Meyer, Jr., W6GGV, that appeared in 
the March, 1981, issue ("Transmis¬ 
sion-Line Circuit Design, Part Four"). 
For an errata sheet, send a stamped, 
self-addressed envelope to ham 
radio, Greenville, New Hampshire 
03048. 

digital frequency display 

The following corrections should 
be noted for the article "Digital Fre¬ 
quency Display For Single-Conver¬ 
sion Transceivers," which appeared 
on page 28 of the March issue. In fig. 
2, U9 pin 14 should be connected to 
+ 5 volts, not to pin 13; pins 13, 12, 
and 8 should be tied together; pins 9 
and 10 should be tied together. For 
U10-16, pin 14 on each should be 
connected to +5 volts, and in U10, 
11, and 13 pin 7 of each should be 
connected only to ground. In fig. 1, 
note that, for U17-22, the grounded 
pin is pin 12. 

operation upgrade 

Part one of "Operation Upgrade" 
in the September, 1981, issue, con¬ 
tained an error. Energy = Elt, rather 
than El/t. If P=EI and l = Q_/t, then 
P=E . To remove time and 
leave pure energy the formula would 
have to be P=E times t. 
digital techniques 

In part 1 of the article on digital 
techniques by W1BG (page 44 of the 
September, 1981, issue), the A input 
of the first counter in fig. 4 should be 
at ground, not 5 volts. 
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amateur radio hobby, 
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The months of fall, October and 
November, are possibly the most ex¬ 
citing months of the year on the 
DXer's calendar. The summer dol¬ 
drums are over, and the noontime 
null caused by solar absorption is 
greatly diminished as the sun moves 
further south. Thunderstorms and 
their attendant QRN are far less no¬ 
ticeable, and 40 and 80 meters are 
really snapping back to life. 

Spring is in full sway in the South¬ 
ern Hemisphere. As the sun crosses 
the equator, paths worldwide im¬ 
prove, giving OXers everywhere 
shots at far-flung places. Ten meters 
is hotter than a pistol, bringing new 
thrills to its devotees, while 15 to 20 
are really strutting their stuff. 

On the other side of the ledger are 
the spate of solar disturbances. The 
period after a peak in the sunspot 
cycle is the worst for frequent solar 
upheavals, which can devastate con¬ 
ditions for days on end, especially on 
the higher frequencies. Still, the 
storms peak out in the summer 
months and their intensity fades as 
we head into the months of late fall. 

I settle into the operating chair and 
adjust the headphones till they're 
comfortable. I glance over at my 
chalkboard, knowing what I'll find — 
very little. A couple of forlorn notes 
on VK9NV, now over three months 
old. He seems to have disappeared 
from the bands. Maybe the incessant 
pileups of Japanese, American, and 
European DXers finally got to him. I 
guess I couldn't blame him if they 
did. But it sure doesn't help me if he's 
given up operating. 

There's a note on the DXpedition 
to S9R, Sao Thome, West Africa. 
But yesterday's "DXer's Tout Sheet" 
said that the operation was going to 
be delayed at least six weeks, and 
very possibly would have to be can¬ 
celled. It figures; I need that one. 

I move the bandswitch to 20 
meters. Let's put the antenna on 
NNE, bisecting the paths to Europe 
and the transpolar route. It's 0000 


Zulu. Europe will probably still be 
coming in if conditions are any good, 
and the path across the pole should 
be opening right now as morning 
sunlight chases the MUF up from its 
dog-watch lows. 

I set the receiver right at the bot¬ 
tom edge of 20, at 14000 kHz, and 
start tuning up the band. It's Friday 
night, so there's hope of increased 
activity all over the world. 

Hah. There's G3FXB, in QSO with 
somebody, just starting a transmis¬ 
sion. I listen, but it becomes obvious 
that Al is well into a ragchew with 
someone. I listen to that fine fist, 30 
or 35 words per minute and music to 
the ear. Al's one of the top dogs in 
the DXCC program Honor Roll, a fix¬ 
ture on the lists for many years. Al is 
active, and that's part of the secret of 
staying on top. He's always operating 
contests, usually in rivalry with his 
close friend G3MXJ. In between con¬ 
tests, Al is often heard ragchewing. 

A chat with Al would be nice if 
nothing is happening on the band. I 
set my extra VFO on his frequency as 
a marker, so that I can easily find him 
again, and continue tuning higher up 
the band. 

There's a good strong signal calling 
CQ. Almost instantly I recognize it 
from the fist: it's VU2BK. A retired In¬ 
dian Army officer, he's very active on 
the bands and generally the strongest 
signal from India. I pause and take a 
close look at his signal. I don't need a 
contact but a look at his signal can 
tell you a lot about the band. The very 
fact that I'm copying him at all says 
something, and his S8 signal sure 
adds to the assessment that the band 
is in fairly good shape at the very 
least. Hmm. No trace of auroral buzz, 
and, really, very few of the usual 
characteristics of a long-haul signal. 
The really long-haul signals, while 
pleasant to listen to, often have tell¬ 
tale marks impressed on them that 
disclose their long-haul origins. These 
include subtle but continual tiny 
shifts in frequency (Doppler shifts) 


caused by the slightly different paths 
delivering the signal, softened keying 
characteristics caused by the time de¬ 
lay differentials of the different paths 
— and often at least a trace of auroral 
buzz. 

No, this signal is very clean and 
pretty strong, which indicates good 
conditions and that his primary path 
is overwhelming the marks and signa¬ 
tures secondary paths would add. 

One of the games that any DXer, 
but especially a CW operator, con¬ 
stantly has to practice is identifying 
whether a signal is DX or not without 
hearing the call, so that, while tuning 
a band, time won't be wasted waiting 
for domestic stations in QSO to sign. 
The ability to quickly read that aspect 
of a signal is invaluable in contest and 
pileups as well. 

A trained operator, even listening 
to a stateside station in QSO, can 
usually figure out whether the station 
you hear is into a good one; there are 
few operators who don't show ex¬ 
citement when working a new one. 
It's a subtle thing on CW, but it's still 
noticeable. The tip-off is timing. A 
fellow who's in contact with what is 
for him a new country usually has a 
very choppy timing and spacing on 
his fist, reflecting his excitement, and 
the world's best keyer won't cover it 
up. 

Of course, the new one for him 
might be the fellow that you've been 
ragchewing with every Wednesday 
night for the last two years, or it 
could be a guest operator at some big 
gun's station experiencing the thrill of 
his very first DJ QSO, but whenever 
you hear the signs that someone is 
excited about his QSO, you have to 
wait and see who he’s got. 

I keep moving the receiver slowly 
up the band. Hmmm. There's a loud 
and raucus signal. Obviously an in¬ 
truder, not an Amateur station at all. 
Some exotic form of modulation, 
something that no ham ticket any¬ 
where in the world would authorize 
for 20 meters. And not only is the sig- 
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nal 20 dB over S9, but it has nasty lit¬ 
tle sidebands as well, making the sig¬ 
nal over a kHz wide. Probably a Mos¬ 
cow to Havana circuit. Oh well, it's a 
good place to tune up my rig, where 
no legitimate ham will be bothered. I 
move the rig up, key down and check 
output and SWR. All's well. I tune on 
up the band, getting clear of the side¬ 
bands of that illegal intruder. 

The receiver dial tells me that I'm 
just above 14,050. I start to spin the 
dial back down, but stop. I've been 
covering the slot of 14,000 to 14,050 
regularly for a long time, and recent¬ 
ly, with very little to show for it. That 
area is where the action usually is, 
but what the heck, let's tune higher. 

As with almost every band, the 
higher on 20 meters you go the slow¬ 
er the fists, in general. It seems as if 
the newcomers are afraid of getting 
blown away by hot-shots down at the 
bottom end of the band, and so they 
stay higher up. It's a good practice, 
just like the swimming pool; practice 
your strokes in the shallow end be¬ 
fore you high dive into the deep end. 

And DX stations do the same 
thing. So, perhaps a good one can be 
dredged up by working the high end. 
My tuning up this high in the band is 
slower, but still very interesting. 

Almost immmediately I come ac¬ 
ross a goody; a slow, hesitant fist, 
not too strong, "CQ CQ DE SV9MT 
SV9MT KN." Crete, a nice catch, 
though not one I need. I chuckle at 
the KN at the end of his CQ; obvious¬ 
ly a newcomer, but he'll learn. The 
first couple pages of my first log book 
show me giving reports of 995. 

As I pick up the 2-meter micro¬ 
phone I hear him start a CQ again. I 
call it in. 

"Hey, I've found Crete on 20 meter 
CW, that's SV9MT, Sugar Victor 
Nine Mexico Tango, fourteen oh sixty 
eight, fourteen oh sixty eight, from 
W9KNI." 

"Hey, W9KNI, here's WD9IIC. 
Bob, I need that one, but I've got my 
station all torn apart. I can be back on 
in five or ten minutes. Are you work¬ 
ing him?" 

"WD9IIC from W9KNI. OK, Dick. 


Nah, he's calling CQ, and not getting 
any takers. I don't need him, but I tell 
you what. If nobody comes back to 
him after the call he's making now. I'll 
try to work him and hold him for you. 
He's going real slow, so if I get a 
QSO, you'll have ten minutes for 
sure. OK?" 

"Fine, Bob. That would be real 
nice. 'Predate it, I'll get my stuff to¬ 
gether here quick. W9KNI from 
WD9IIC." 

"Rah-jer." 

I listen to the SV9 — there, he 
signs. I listen closely. Yes, someone 
is coming back to him — about the 
same strength — sounds like another 
European. Yes, it's a DF9, a German, 
going nice and slow, almost dead 
zero on the SV9. He signs. 

The SV9 starts up, coming back to 
the German. I pick up the 2-meter mi¬ 
crophone again. 

"OK, Dick, you got a reprieve. A 
DF 9 got him. You want I should 
watch the frequency till you're ready? 
WD9IIC from W9KNI, go ahead." 

"OK, Bob, thanks. W9KNI from 
WD9IIC. I've got the receiver working 
again now and I'll have the transmit¬ 
ter hooked back up in a couple min¬ 
utes. Let me find that fellow now, so 
that you won't have to sit around and 
wait. What was that frequency 
again?" 

"Ah, he's on fourteen oh sixty 
eight. He's going real slow, and he's 
pretty much in the clear." 

"OK, the one saying QTH HR 
CRETE? Yup, that's got to be him. 
OK, Bob, I'm all set. Thanks again. 
W9KNI from WD9IIC." 

"Yeah, good hunting, Dick. 
W9KNI clear." 

I start tuning higher again. Hmm. 
OK, there's fellow really clipping 
along; got to be at least sixty words 
per. A keyboard artist, for sure. 
Yeah, he signs it over; it's W9TO with 
a W6. And right next to him, just 
above him, a slow, steady CQ, a DX 
station almost for sure from the 
sound of it. I keep listening. Yes, it's 
LX1TK, Luxembourg. Not really rare, 
but not common either. 

I decide to see if Dick caught the 


SV9 yet. I touch the VFO spotting 
button and move the receiver to the 
frequency. Right on time, too. 
There's the SV9 signing clear with 
the DF9. 

WD9IIC starts calling, dead zero on 
the frequency that the DF9 was on. 
But so is someone else. I pick up the 
2-meter mike, "WD9IIC from W9KNI. 
Hey, you got competition, Dick. 
Make it a l-o-n-g call. I'll tell you when 
to stop." 

I listen. Dick keeps signing his call. 
The other station ends his call. "OK, 
Dick, two more times, two more 
times." 

Just as Dick ends, the other station 
realizes that the SV9 hasn't come 
back and starts calling again. But it's 
too late. He's been had. The SV9 
starts coming back to WD9IIC. 

"Way to go, Dick!" 

"Thanks, Bob." Dick's response is 
brief; he's busy copying. 

It's a good feeling to help a friend 
get a new one; almost as exciting as 
working a new one for yourself. The 
sense of pride feels good. And, at 
times, a little coaching on 2 meters 
can make all the difference. 

Yes, Dick is in solid with the SV9. I 
call it in again on 2 meters, then re¬ 
sume tuning higher up the band. 

There's 9TO again, still burning up 
the frequency. And there are six or 
eight stations calling the LX. Funny 
how they'll pick up on something like 
the LX and miss the rare SV9 a few 
kHz away. But it happens all the time. 

Another CQ. OK, it's an El. Some¬ 
one calling a KP4; yes, an SP9. 
Hmm. Someone promising a direct 
QSL, wait and see what that one's 
about for sure. There. 

"GJ4CTS DE WD4KHJ." I call the 
GJ4 in on 2 meters — not terribly rare 
but someone might want it. Nobody 
asks for a repeat, so I tune on. 

A loud teletype signal tells me that 
perhaps I'm a little high. I look at the 
dial. Yup, I'm at 14087. OK. I decide 
to move back to 14050 and start up 
again. This end of the band seems in¬ 
teresting tonight. 

"Hey, Bob, thanks a lot. That was 
a new one for me. Hope that I can re- 
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pay the favor. W9KNI from WD9IIC." 

"Ah, great, Dick. WD9IIC, here's 
W9KNI. Fine. Hey — you can pay me 
back. I need Kamaran. I'll be on for 
another twenty minutes or so; find 
me one before I QRT, OK?" 

"Hah. OK, I'll start now. Thanks 
again." 

"Yeah, you do thatl See you 
later." 

I glance at the antenna rotor con¬ 
trol; still set between the paths to 
Europe and the transpolar route to 
deep Asia. I haven't heard anything 
on the transpolar path except the 
VU2 earlier. I decide to swing the an¬ 
tenna a bit further south, to 45 de¬ 
grees, dead on Europe. I'll still hear 
the transpolar signals, though per¬ 
haps an S-unit weaker, but, on the 
other hand. I'll have a better chance 
of hearing Africans. 

I keep tuning higher, listening care¬ 
fully as I go. There's an IS0 on Sar¬ 
dinia, working a PY in Brazil. There's 
a bit of a pileup; I listen. OK, it's 
various European stations chasing an 
HP1, a Panamanian. 

There's a Frenchman calling CQ. 
There's a UP2 calling a WD4. There's 
another CQ, a slow one, using a hand 
key for sure. There, he's signing. His 
fist is a bit difficult. G8AL? No, that 
can't be. Sounds like it though. He's 
calling CQ again. Can't be a G8. 
Could it? There, he's signing again. 
Let's try it again. Hey! Heyl It's a 
TN8, not a G8. TN8AL, the Congo, 
and one I need. I didn't know that any 
one was on from there, but here one 
is. 

Pull the VFO up zero on him. Turn 
on the linear. Zappl It's up and run¬ 
ning. He continues his CQ call, obvi¬ 
ously a new operator. I move the VFO 
just above him and key down for a 
moment. Yes, everything is OK as I 
trim the drive level of the exciter. OK, 
re-zero him. Move the antenna. I 
glance at my great circle map on the 
wall. OK, 80 degrees should be close 
enough. There, he's signing again. 
Yesl It's definitely TN8AL. OK, he's 
done. 

I pause a moment. Yes, there's 
someone else calling him, but he's 


300 or 400 hertz off. I start my call — 
oops. Thirty or thirty-five words per 
minute is a little fast for a new fellow 
sending perhaps twelve! I move the 
keyer speed. That's better. 

I give a two-by-three call; "TN8AL 
TN8AL DE W9KNI W9KNI W9KNI 
AR K." I stand by. 

The frequency is silent. Then the 
other station that was calling the TN8 
starts to call again. I pause a moment 
longer. But, just as I'm about to start 
a second call, I hear: 

"W9KN W9KN?" DE TN8AL 
TN8AL K K K." A new operator, for 
sure. I call again. 

"R TN8AL TN8AL DE W9KNI 
W9KNI W9KNI KNI KNI W9KNI AR 
KN." 

I wait. A long pause. There, he 
starts again. 

"W9KNI W9KNI . . ." Greatl He's 
got my call OK now . . . "TN8AL R 
HELLO OM ET MERCI EEEEE TNX 
QSO RST 489 489 QTH BOX 1293 
BOX 1293 BRAZZAVILLE BRAZZA¬ 
VILLE NOM CAMTI CAMTI OK? 
W9KNI DETN8AL KN KN." 

Wow! 

"R TN8AL DE W9KNI . . ." Hmm. 
This fellow obviously speaks more 
French than English. Not surprising. 

"MERCI CAMTI POUR LE QSO ET 
VOTRE RST 579 579 PRES DU CHI¬ 
CAGO QTH PRES DU CHICAGO ET 
NOM EST BOB BOB QSL SVP MA 
QSL BOX 1293 OK SURE RIG 600 
WATTS ET YAGI WX 6C 6C TRES 
FROID HI HI OK CAMTI? TN8AL DE 
W9KNI AR KN." 

"R W9KNI DE TN8AL R FB CHER 
AMI BOB ET MERCI POUR LE QSO 
RIG 100 WATTS ET DIPOLE QSL 
SURE 73 A BIENTOT SK W9KNI DE 
TN8ALSK." 

"R 73 CHER AMI CAMTI ET 
BONNE CHANCE A BIENTOT DE 
W9KNI SK EE." 

The slow QSO has given me time 
to get all the log data written while he 
was transmitting. I listen — no one is 
calling him except the fellow that I 
beat out when he was calling CQ. But 
I can change that. I pick up the 2- 
meter microphone ... 
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Garth stonehocker, kORYW 


last-minute forecast 

The 27-day solar maximum is ex¬ 
pected to peak around the middle of 
the month, which leaves the begin¬ 
ning and end of the month with lower 
flux and flare activity. Geomagnetic 
disturbances can be expected about 
December 1, 11, 20, and 28. The two 
mid-month disturbances are solar 
flare effects, and the others are from 
coronal hole thinness, increasing the 
solar wind. From these solar/terres¬ 
trial relationships, the best DX is 
probably going to be at night on the 
lower-frequency bands during the 
first week and a half. Then the higher 
bands will be favored for long-haul 
DX for the next week and a half. DX 
conditions may be poorer during the 
last week and be best on the lower 
bands again. 

December is probably the best 
month for winter DX. Although the 
hours of daylight are quite short now 
in the Northern Hemisphere, the ion¬ 
osphere-propagated frequencies rise 
rapidly, with the rising sun, to the 
higher frequency bands of good DX. 
The sunspot number and solar flux 
remain high enough to ensure good 
MUFs during this winter DX season. 


The earth is closest to the sun, which 
results in a 5 percent rise in solar flux 
and ionospheric density during win¬ 
ter. December is also one of the 
quietest months of the year in terms 
of geomagnetic disturbances. Radio 
noise propagated from the thunder¬ 
storm centers over the few land 
masses of the Southern Hemisphere 
are far from us, so the 80- and 160- 
meter bands are good for daytime use 
and become good possibilities for DX 
during the long winter nights. All 
these conditions make for good DX. 
The longest night — winter solstice 
— is on the 21st this year. 

The Geminid meteor shower, 
which reaches its peak on December 
13-14, provides the richest and most 
reliable display of the year, with rates 
of 60-70 per hour (measured mainly 
by radio because of the poor weather 
in December). Also, a smaller portion 
of the shower (15-20 per hour) is ob¬ 
served on December 22. Lunar peri¬ 
gee and full moon occur on Decem- 
ber11. 

band-by-band summary 

Six meters will open occasionally dur¬ 
ing time of 27-day solar flux maxima. 
The openings will follow the sun — 


east before noon, south at noontime, 
and west and transequatorial during 
the evening. 

Ten and fifteen meters will be like the 
openings on six, except more fre¬ 
quent and longer in duration. World¬ 
wide DX will abound from after sun¬ 
rise until well after sunset during peri¬ 
ods of high solar flux (listen to WWV 
at 18 minutes after the hour for the 
daily flux value). 

Twenty meters, the universal DX 
band, will be open most days during 
December this year, to most parts of 
the world during the day and into the 
night. Best conditions can be ex¬ 
pected just after sunrise and just be¬ 
fore sunset. Long skip will be avail¬ 
able as the band opens upon sunrise, 
and will last until well after sunset. 

Forty meters is a transition band be¬ 
tween the daytime bands at high fre¬ 
quencies and the nighttime bands at 
this and lower frequencies. Our new 
1979 WARC 30-meter band will pro¬ 
vide the in-between band that may 
allow round-the-clock communica¬ 
tions on 350- to 2500-mile (560-4000 
km) paths. As is, 40 meters is very ac¬ 
tive to most areas of the world during 
hours of darkness to just before sun¬ 
rise. In late afternoon, the band will 
open to the east, covering Europe, 
then swing around to the south at 
about midnight, and west to the Pa¬ 
cific by dawn. Short skip will be avail¬ 
able on most days. 

Eighty and one-sixty meters are ex¬ 
pected to be excellent on this best 
month of the year for the top bands. 
Low noise during the long nights will 
give hours of pleasure if you are look¬ 
ing for the rare ones on these bands. 
DX from the coastal areas over water 
to South Africa, South America, and 
Australia-Asia will be easiest; but rare 
ones from anywhere will be worth the 
effort. You ragchewers on these 
bands try some DXing. 
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40 meter QRP Transceiver 101.95 Modified UHF Osc. 42.75 

Splil-band Speech Processor 69.95 General coverage for Drake receiver 59.95 

L-Meter 22.95 SWR Meter 49.95 


Prices subject to change without notice. Please include $2.50 for shipping/handling. 

B&W, Millen, Cardwell, J.W. Miller parts in stock. RADKXMF 

Box 411H, Greenville. NH0304S 

Catalog — 25 cents (603) 878-1033 
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the MAXI TUNER 

Clean and rugged design is fea¬ 
tured in this antenna tuner offered by 
RF Power Components. No tapped 
inductor in this tuner. You can obtain 
continuous coverage from 1.7 to 30 
MHz using the full legal power limit. 

The MAXI TUNER design is based 
on the principle of conjugate match¬ 
ing. The circuit consists of a match¬ 
ing network arranged in the T config¬ 
uration, with two variable capacitors 
forming the horizontal part of the T. 
A continuously variable inductor, 
connected to the midpoint of the two 
capacitors, forms the vertical part of 
the T. This arrangement avoids the 
step-function tuning in matching net¬ 
works that use tapped inductors. 

Rotary inductors and counter dials 
are very expensive, but they are the 
whole secret to efficient tuner opera¬ 
tion. With this arrangement you can 
get the inductance exactly right, not 
just within "a turn or two," which is 
typical of tuners using tapped coils. 

The MAXI TUNER uses two mas¬ 
sive 500-pF capacitors with 6:1 ratio 
ball drives for velvet-smooth tuning 
control. The inductor, a 28-/iH unit, is 
extremely rugged and is wound on a 
ceramic form. Electrical contact with 
the inductor is provided by a roller 
wheel, which allows continuous 
tuning. 

Two models are available: one with 
a built-in SWR metering circuit and 
one without. An optional 4:1 balun is 
also available for use with balanced 
transmission lines. 













DECEMBER SPECIALS 

BONUS 2% discount for prupntd orders * | ft [ FREE ORDERS ONLY 

(f.ash.ers chmfe ur money order) HOURS M-F 11-8 SAT J-3 EOT 

CALL FOR QUOTES CLOSED TUESDAYS 

MFJ PRODUCTS COMPLETE LINE IN STOCK 

HY GAIN ANTENNAS 

TM3MK3 3 £u.. . .* 1 <9 95 

CUSHCRAFT ANTENNAS 

214FH J» 144 5 148 MM/ t>2 10 

2 SO 2KW PEP Dummy lo.nl 3 » 10 

BENCHER PADDLES Black/Clvuine 35 25/42.95 

ASTROU POWER SUPPLIES (13 8 VDC) ^ ^ 

GOTHAM IV ROTOR' 1 oii 95 

BUTTERNUT HF-5V III lO HOm VOk .i S». 95 

TELEX HEADSETS HEADPHONES 

Cl 210/0 320 22 95 32 95 

KLM ANTENNAS (oth<M antennas m stock) 

420-450 18C420-450MM/ iH-tlmn.-.u .»m 93 70 

HUSTLER 5BJV . .. 92 50 

Ml RAGE AMPS & WATT MEIERS 

TRANSCEIVERS — BIG DISCOUNTS 

Avontr AP 151 3G 2m on qi.K;. .ml 2 - 95 

CALL FOR QUOTES — 

— C:ill '■»( Ouot**Ji — 

2410. Droxel Street 

mmm Woodbridge. VA 22192 'JHI 


Stun* Lora turn 14415 Jeff Davis Hwy . Woodbridge. VA 

W.II.K..I n.ilit..! ... r.l.l'iitit.on 


ALL BAND TRAP ANTENNAS 


PRETUNED - COMPLETELY ASSEMI 

ONLY ONE NEAT SMALL ANTENN_ 

UP TO 7 BANDSI EXCELLENT FOR CON 
GESTED HOUSING AREAS - APARTMENT' 
LIGHT - STRONG - ALMOST INVISIBLE! 
COMPLETE AS SHOWN with 90 ft. RG58U* 


.L DESIRED BANDS -W 





___... ONLY ANTENNA YCH?WILL EVER NEED 

1 TRANSCEIVER - NEW - EXCLUSIVE! NO BALUNS NEEDED! 

90 ft. RG56U -connector-Model 99BBUA . ., $79.95 
t. RG56U - connector - Model 100IBUA_$78.95 


> FULL PRICE FOR POSTPAID INSURED. DEL. IN U 
ns etc.)or order using VISA - MASTER CHARGE - C. 
• - ORDER NOW! All antennas guaranteed for I'year. 1< 
In USA. FREE INFO. AVAILABLE ONLY FROM 
WESTERN ELECTRONICS_Dept. AR- 


.L INCREASE . 


RF POWER COMPONENTS 



Maxi without SWR — $259.95 
Maxi with SWR — $299.95 
(Baiun Optional.. $19.95) 


ANTENNA TUNER 

Continuous 1.7-30 MHz Coverage 
Rotary Inductor (23<iH) 

Rugged Cast Aluminum Turns Counter 
Handles 3KW PEP 2kW with Baiun 
Velvet-Smooth 6 to 1 VernierTunlng 
0-100 Logging Scale on 500 pF 
Capacitors 


a Rue £tectron 


IC6 PHONE (717/ 343-2124 


The MAXI TUNER presents a 50-75 
ohm resistive load to your transmit¬ 
ter. It matches antennas using unbal¬ 
anced coaxial cables, random-length 
end-fed antennas, or antennas using 
open-wire transmission lines Iwith 
the optional balun). Power-handling 
capability is 3 kW PEP (2 kW PEP 
when the optional balun is used). A 
custom cabinet and handsome styl¬ 
ing make this unit a welcome addition 
to any Amateur station. Dimensions: 
14.5 inches wide, 6.5 inches high, 
and 13.5 inches deep (36.8 by 16.5 by 
34.3 cm). Weight: 15 pounds (6.8 
kg). For more information, write RF 
Power Components, 1249 Garfield, 
Niagara, Wisconsin 54151 (715) 
251-4118. 

Macrotronics 

TERMINALL 

Macrotronics, Inc., has announced 
the introduction of TERMINALL, an in¬ 
tegrated hardware and software sys¬ 
tem which converts the TRS-80 
microcomputer (Model I or III) into a 
state-of-the-art communications ter¬ 
minal. 

TERMINALL includes all the neces¬ 
sary computer interfacing, audio de¬ 
modulating, AFSK tone generating, 
and transmitter keying hardware inte¬ 
grated in one cabinet. This reduces 
equipment interconnection to a mini¬ 
mum and allows the operator to be 
on the air receiving and transmitting 
Morse or RTTY in minutes. Plug it into 
the receiver headphone jack and copy 
Morse code, Baudot, or ASCII. Plug it 
into the CW key jack and send Morse 
code. Attach a microphone connec¬ 
tor and send Baudot or ASCII using 
audio tones (AFSK). 

The software may be loaded into 
the computer from cassette or disk. 
Enter your callsign and the time to ini¬ 
tiate the program. You begin receiv¬ 
ing immediately. No settings or ad¬ 
justments are necessary to receive 
Morse code - it's fully automatic. 
Press BREAK-©) to transmit, or re¬ 
turn back to receive. Text may be 
typed while receiving or transmitting. 

TERMINALL comes complete with 


Tell ’em you saw it in HAM RADIO! 
















HOLIDAY GIFT IDEAS 

Ham Radio’s Ultimate Flea 


“Bumper” Sticker 

Pul ’em everywhere — they're removable! These dura¬ 
ble vinyl 3 3 A" X 15" stickers are color-fast and will not 
fade from weathering. Have fun with these snappy 
slogans. 

UBS1 High On Ham Radio Bumper \ / 

Sticker $%j)b SI.75 

UBS2 Ohm's Law Bumper Sticker $Y>95 *1.75 
UBS3 Monitoring .52 Bumper Sticker *1.75 




T-Shirt Designs 

Do-it-youiself and give that new or old T-shirt some 
real zing! “FLEX" Designs are colorful heat-sensitive 
transfers which are far superior to screen-painted T- 
shirts — FLEX Designs won't crack or fade, they're 
colorfast, too! Just iron-on transfer to any cotton-base 
garment. 


UT1 Ham Radio Freq 
UT2 Ham It Up 
UT3 One World 
UT4 Something New 
UT5 Ultimate Flea 



I.D. Badges 

No ham should be without an I.D. badge. It’s just 
the thing for club meetings, conventions, and get- 
togethers, and The Ultimate Flea gives you a wide 
choice of color. Have your name and call engraved 
in either standard or script type on one of these 
plastic laminated I.D. badges. Wear it with pride! 
Available in the following color combinations 
(badge/lettering): white/red, woodgrain/white, 
blue/white, white/black, yellow/blue, red/white, 
green/white, metallic gold/black, metallic 
si|ver/bladk. . 

UID Engraved I.D. Badge *2.50 


I WA2SRF! 


K2HC 


Ceramic Beer 
Mugs 


Next time you gel together for a few cold 
"807's’.’ pour them into a 16 oz. ceramic 
mug from the Ultimate Flea. Handsome 
designs and lettering are permanently 
glazed for long lasting use. These mugs 
come In the following designs: UM-3 
HAM RADIO; UM-2 OSCAR; UM-1 
HOMEBREW. These heavy-duty mugs 
are a super gift for your hard-to-buy-for 
Ham friends 


□ UM-1, UM-2, UM-3 

Reg. $8.95 Now *6.95 


Heath Wall Size 
Frequency Spec¬ 
trum Chart 

Now you can have the most complete 
and colorful radio frequency spectrum 
chart ever produced. From Very Low 
Frequency (3 kHz), to Extremely High 
Frequency (300 GHz|, you'll locate ship 
to shore, international broadcasting, 

Radio Astronomy, space communica¬ 
tions, the Amateur Radio bands, plus 
everything else that falls in-between! 

Color coded for easy reading. Printed in 
full color. 22 1/2" x 31". 

□ UPS *5.95 


Please add $1 for shipping & handling. 

Ham Radio’s Ultimate Flea 

GREENVILLE, NH 03048 


software on cassette and disk, as¬ 
sembled and tested hardware, and an 
extensive instruction manual. List 
price is $999. For complete ordering 
information or name of dealer closest 
to you, contact Macrotronics, Inc., 
1125 N. Golden State Blvd., Turlock, 
California 95380. 

CW audio processor 
and keyer 

Trac Electronics, Inc., announces 
the introduction of two unique prod¬ 
ucts for the CW enthusiast. The 
TRAC*0NE CW processor, Model TE 
424, is an advanced CW audio proc¬ 
essor which receives the audio from 
any rig, passes it through a phased- 
locked-loop tone decoder, removing 
all QRN and QRM, and reproduces a 
fully adjustable CW audio signal. 
Front-panel controls allow full adjust¬ 
ment of frequency tone, delay, and 
gain. The frequency control is adjust¬ 
able from 300 Hz to 2500 Hz, a match 
for any rig. While the CW signal is be¬ 
ing decoded a front panel LED flashes 
in sync with the signal, establishing 
that the unit is locked onto the audio 
from the rig. The TRAC*ONE con¬ 
tains a built-in speaker and a head¬ 
phone jack on the rear panel, and is 
operated on a 9-Vdc battery or with 
an ac-adapter. In the BYPASS posi¬ 
tion, the Model TE-424 TRAC*0NE 
may be left in line and the rig audio is 
passed through to the speaker. 

The TRAC*ONE CMOS keyer. 
Model TE-464, combines the full fea¬ 
tured TRAC’ONE with a deluxe 
state-of-the-art CMOS electronic key¬ 
er. The keyer contains self-complet¬ 
ing dots and dashes, dot and dash 
memory, iambic keying with any 
squeeze paddle, 5-50 WPM, speed, 
volume, tune and weight controls, 
sidetone and speaker, rear panel 
switch for use with a bug or straight 
key, quarter-inch jacks for keying and 
output. The Model TE-464 keys both 
grid block and solid state rigs and 
operates on one 9-Vdc battery or a 9- 
Vdc/ac adapter. 

For further information, contact 
Trac Electronics, Inc., 1106 Rand 
Bldg., Buffalo, New York 14203. 


90 December 1981 



ham radio 

cumulative 

index 


a note on this index 
In an effort to give our readers as 
many articles as possible in this 
issue of ham radio, we have 
switched from a ten-year to a five- 
year cumulative index. By doing so 
we have made approximately ten 
additional pages available for 
feature articles. Those readers who 
wish to a see a cumulative index 
for years previous to 1977 should 
consult previous December issues 
of ham radio. Back issues are 
available from Ham Radio’s Book¬ 
store for $3.00 postpaid. 

Please let us know what you 
think of this change, and whether 
you would prefer to see five- or ten- 
year cumulative indexes in future 
December issues of ham radio. 


1977-1981 
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/VB8VUN 6 9<t 

ath SB-102 headphone operation (f 

ath SB-102 modifications <HN) 
ath SB-102 modifications (letter) 


WB7QYB R 74 ° OA ’ SCanner f ° r <the Ken p C |S, j a n e 
nwood TR-7500, preprogrammed (HN) 


mwood TS'520-SE transceiver, c 
W5NPD 


construction 

techniques 


Comments, WA9UXK 
AN/UPX-6 cavities, converting surplus 


Coax cable, salvaging water damaged (HN) 

Crystal switching, remote (HN) 


Lightning protection (letter) 

W8YFB P ( ) 

Microcircuits, visual aids for working on 


WB9QZE p. 

Comments, W5TKP f 

Printed-circuits, simple method for (HN) 

thoriated-tungsten tiiaments (HN) 


features and fiction 
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1C-230 modification (HN) 
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power supplies 


Je-protected power 


receivers and converters 

general 


W6NRW 

Auto-product detection 

MUD p. 

Letter G3JIP l 

Bandspreading techniques for resonant cii 
Anderson, Leonard H. p. 




ichniques (tetter) 
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high-frequency receivers 



l 

m 

I 


112 


December 1981 




















114 QB December 1981 





























T WN3WTG ’ p. 34, Jan 77 

WAORBr’ ’ p. 12, Dec 78 


vhf and uhf transmitters 


»r, dc-dc, increases Gui 
(HN) 


microwave co 
DJ700 

30-MHz preamplifier, lo' 


220-MHz Kilowatt linear 
W6PO 

1296-MHz transverter 
K6ZMW 




p. 70, Apr 80 




troubleshooting 


Logic circu 
W8GRG 
Oscillator t 



ners, problems and cures — Weekender 
p. 56, Mar 70 

its, troubleshooting 

p. 56, Feb 77 


oubleshooting (repair bench) 
ily, troubleshooting 


. 54, Mar 77 
. 78, Sep 77 


vhf and microwave 

general 

Cavity filters, surplus, how to modify for 144 MHz 
W4FXE p. 42, Feb 80 

W6SAI p. 40, Feb 81 

EI2W six-meter report (letter) 

EI2W p. 12, Jul 80 


Frequency synthesizer (letter) 

WA3AXS p. 12, Jul 80 

F-237/GRC surplus cavity filter, conversion versatility 




N6TX 

Super beei 


WB0VSZ 


ling tips (HN) 

Voltage-tuned UHF oscillator, multipurpi 
ating parallel current: 


WA9HUV 

VHF techniques 
W6NBI 

VHF transceivers, regi 
WA8RXU 

Weak-signal communi 

10-GHz cross-guide cc 
WB2ZKW 

10-GHz Gunnplexer tra 


Comments, W60AL 
144-MHz frequency synth 


p. 66, Oct 79 
P p.^5,’ Sep 79 
p. 81, Ap°r 80 


vhf and microwave 


antennas 
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